Genetically determined plasma lipid levels and risk of diabetic retinopathy: A mendelian randomization study by Sobrin, L et al.
5HVHDUFK8QLYHUVLW\RI6\GQH\
/LHZ*HUDOG&HQWUHIRU9LVLRQ5HVHDUFK:HVWPHDG,QVWLWXWHRI0HGLFDO
5HVHDUFK8QLYHUVLW\RI6\GQH\
6PLWK$OEHUW'HSDUWPHQWRI0HGLFLQH8QLYHUVLW\RI,FHODQG,FHODQGLF
+HDUW$VVRFLDWLRQ
*XGQDVRQ9LOPXQGXU'HSDUWPHQWRI0HGLFLQH8QLYHUVLW\RI,FHODQG
,FHODQGLF+HDUW$VVRFLDWLRQ
7DQ*DYLQ6LQJDSRUH(\H5HVHDUFK,QVWLWXWH6LQJDSRUH1DWLRQDO(\H
&HQWUH
.OHLQ%DUEDUD'HSDUWPHQWRI2SKWKDOPRORJ\	9LVXDO6FLHQFHV
0F3KHUVRQ(\H5HVHDUFK,QVWLWXWH8QLYHUVLW\RI:LVFRQVLQ0DGLVRQ
.XR-DQH,QVWLWXWHIRU7UDQVODWLRQDO*HQRPLFVDQG3RSXODWLRQ6FLHQFHV
/$%LR0HGDW+DUERU8&/$0HGLFDO&HQWHU&OLQLFDODQG0HGLFDO$IIDLUV
&DUGLR'[,QF
/L;LDRKXL,QVWLWXWHIRU7UDQVODWLRQDO*HQRPLFVDQG3RSXODWLRQ6FLHQFHV
/$%LR0HGDW+DUERU8&/$0HGLFDO&HQWHU
&KULVWLDQVHQ0DUN&DUGLRYDVFXODU+HDOWK5HVHDUFK8QLW'HSDUWPHQWRI
0HGLFLQH8QLYHUVLW\RI:DVKLQJWRQ
3VDW\%UXFH&DUGLRYDVFXODU+HDOWK5HVHDUFK8QLW'HSDUWPHQWRI
0HGLFLQH8QLYHUVLW\RI:DVKLQJWRQ*URXS+HDOWK5HVHDUFK,QVWLWXWH
*URXS+HDOWK&RRSHUDWLYH
6DQGRZ.HYLQ,QVWLWXWHIRU7UDQVODWLRQDO*HQRPLFVDQG3RSXODWLRQ
6FLHQFHV/$%LR0HGDW+DUERU8&/$0HGLFDO&HQWHU
$*(17'&RQVRUWLXP$VLDQ*HQHWLF(SLGHPLRORJ\1HWZRUN&RQVRUWLXP
-HQVHQ5LFKDUG&DUGLRYDVFXODU+HDOWK5HVHDUFK8QLW'HSDUWPHQWRI
0HGLFLQH8QLYHUVLW\RI:DVKLQJWRQ
.OHLQ5RQDOG'HSDUWPHQWRI2SKWKDOPRORJ\	9LVXDO6FLHQFHV0F3KHUVRQ
(\H5HVHDUFK,QVWLWXWH8QLYHUVLW\RI:LVFRQVLQ0DGLVRQ
&RWFK0DU\)UDQFHV'LYLVLRQRI(SLGHPLRORJ\DQG&OLQLFDO$SSOLFDWLRQV
1DWLRQDO(\H,QVWLWXWH1DWLRQDO,QVWLWXWHVRI+HDOWK
:DQJ-LH-LQ&HQWUHIRU9LVLRQ5HVHDUFK:HVWPHDG,QVWLWXWHRI0HGLFDO
5HVHDUFK8QLYHUVLW\RI6\GQH\
-LD<XFKHQJ,QVWLWXWHIRU7UDQVODWLRQDO*HQRPLFVDQG3RSXODWLRQ6FLHQFHV
/$%LR0HGDW+DUERU8&/$0HGLFDO&HQWHU
&KHQ&KLQJ'HSDUWPHQWRI2SKWKDOPRORJ\8QLYHUVLW\RI0LVVLVVLSSL
0HGLFDO&HQWHU
&KHQ<LL'HU,GD,QVWLWXWHIRU7UDQVODWLRQDO*HQRPLFVDQG3RSXODWLRQ
6FLHQFHV/$%LR0HGDW+DUERU8&/$0HGLFDO&HQWHU
5RWWHU-HURPH,QVWLWXWHIRU7UDQVODWLRQDO*HQRPLFVDQG3RSXODWLRQ
6FLHQFHV/$%LR0HGDW+DUERU8&/$0HGLFDO&HQWHU
7VDL)XX-HQ6FKRRORI&KLQHVH0HGLFLQH&KLQD0HGLFDO8QLYHUVLW\
'HSDUWPHQWRI0HGLFDO*HQHWLFV3HGLDWULFVDQG0HGLFDO5HVHDUFK&KLQD
0HGLFDO8QLYHUVLW\+RVSLWDO
+DQLV&UDLJ+XPDQ*HQHWLFV&HQWHU8QLYHUVLW\RI7H[DV+HDOWK6FLHQFH
&HQWHUDW+RXVWRQ
%XUGRQ.DWKU\Q0HQ]LHV,QVWLWXWHIRU0HGLFDO5HVHDUFK8QLYHUVLW\RI
7DVPDQLD
:RQJ7LHQ<LQ'XNH1860HGLFDO6FKRRO1DWLRQDO8QLYHUVLW\RI
6LQJDSRUH6LQJDSRUH(\H5HVHDUFK,QVWLWXWH6LQJDSRUH1DWLRQDO(\H
&HQWUH'HSDUWPHQWRI2SKWKDOPRORJ\<RQJ/RR/LQ6FKRRORI0HGLFLQH
1DWLRQDO8QLYHUVLW\RI6LQJDSRUH
&KHQJ&KLQJ<X'XNH1860HGLFDO6FKRRO1DWLRQDO8QLYHUVLW\RI
6LQJDSRUH6LQJDSRUH(\H5HVHDUFK,QVWLWXWH6LQJDSRUH1DWLRQDO(\H
&HQWUH'HSDUWPHQWRI2SKWKDOPRORJ\<RQJ/RR/LQ6FKRRORI0HGLFLQH
1DWLRQDO8QLYHUVLW\RI6LQJDSRUH
3DJHRI 'LDEHWHV
'LDEHWHV3XEOLVK$KHDGRI3ULQWSXEOLVKHGRQOLQH6HSWHPEHU
3DJHRI'LDEHWHV
ϭ
*HQHWLFDOO\'HWHUPLQHG3ODVPD/LSLG/HYHOVDQG5LVNRI'LDEHWLF5HWLQRSDWK\$
0HQGHOLDQ5DQGRPL]DWLRQ6WXG\
/XFLD6REULQ<RQJ+H&KRQJ4LDR)DQ$OIUHG*DQ/\QQ.6WDQZ\FN*HRUJLD
.DLGRQLV-DPLH(&UDLJ-LK\H.LP:HQ/LQJ/LDR<X&KXHQ+XDQJ:HQ-DQH
/HH<L-HQ+XQJ;LXTLQJ*XR<DQJ+DL(OL,SS6DPXHOD3ROODFN+HDWKHU
+DQFRFN$ONHV3ULFH$ODQ3HQPDQ3DXO0LWFKHOO*HUDOG/LHZ$OEHUW96PLWK
9LOPXQGXU*XGQDVRQ*DYLQ7DQ%DUEDUD(..OHLQ-DQH.XR;LDRKXL/L
0DUN:&KULVWLDQVHQ%UXFH03VDW\.HYLQ6DQGRZ$VLDQ*HQHWLF(SLGHPLRORJ\
1HWZRUN&RQVRUWLXP5LFKDUG$-HQVHQ5RQDOG.OHLQ0DU\)UDQFHV&RWFK-LH-LQ
:DQJ<XFKHQJ-LD&KLQJ-&KHQ<LL'HU,GD&KHQ-HURPH,5RWWHU)XX-HQ
7VDL&UDLJ/+DQLV.DWKU\Q3%XUGRQ7LHQ<LQ:RQJ&KLQJ<X&KHQJ

 'HSDUWPHQWRI2SKWKDOPRORJ\+DUYDUG0HGLFDO6FKRRO0DVVDFKXVHWWV(\HDQG(DU
,QILUPDU\
 'XNH1860HGLFDO6FKRRO1DWLRQDO8QLYHUVLW\RI6LQJDSRUH
 6LQJDSRUH(\H5HVHDUFK,QVWLWXWH6LQJDSRUH1DWLRQDO(\H&HQWUH
 'HSDUWPHQWRI2SKWKDOPRORJ\)OLQGHUV8QLYHUVLW\
 +XPDQ*HQHWLFV&HQWHU8QLYHUVLW\RI7H[DV+HDOWK6FLHQFH&HQWHUDW+RXVWRQ
 *UDGXDWH,QVWLWXWHRI,QWHJUDWHG0HGLFLQH&KLQD0HGLFDO8QLYHUVLW\
 &HQWHUIRU3HUVRQDOL]HG0HGLFLQH&KLQD0HGLFDO8QLYHUVLW\+RVSLWDO
 6FKRRORI&KLQHVH0HGLFLQH&KLQD0HGLFDO8QLYHUVLW\
 *HQHWLFV&HQWHU'HSDUWPHQWRI0HGLFDO5HVHDUFK&KLQD0HGLFDO8QLYHUVLW\+RVSLWDO
 'HSDUWPHQWRI0HGLFDO5HVHDUFK7DLFKXQJ9HWHUDQV*HQHUDO+RVSLWDO
 'HSDUWPHQWRI,QWHUQDO0HGLFLQH7UL6HUYLFH*HQHUDO+RVSLWDO
 ,QVWLWXWHIRU7UDQVODWLRQDO*HQRPLFVDQG3RSXODWLRQ6FLHQFHV/$%LR0HGDQG
'HSDUWPHQWRI3HGLDWULFVDW+DUERU8&/$0HGLFDO&HQWHU
 'HSDUWPHQWRI0HGLFLQH/$%LR0HGDW+DUERU8&/$0HGLFDO&HQWHU
 'HSDUWPHQWRI6WDWLVWLFDO*HQHWLFV+DUYDUG6FKRRORI3XEOLF+HDOWK
 'HSDUWPHQWRI2SKWKDOPRORJ\8QLYHUVLW\RI0LVVLVVLSSL0HGLFDO&HQWHU
 'HSDUWPHQWRI0HGLFLQH8QLYHUVLW\RI0LVVLVVLSSL0HGLFDO&HQWHU
 &HQWUHIRU9LVLRQ5HVHDUFK:HVWPHDG,QVWLWXWHRI0HGLFDO5HVHDUFK8QLYHUVLW\RI
6\GQH\
 'HSDUWPHQWRI0HGLFLQH8QLYHUVLW\RI,FHODQG
 ,FHODQGLF+HDUW$VVRFLDWLRQ
 'HSDUWPHQWRI2SKWKDOPRORJ\DQG9LVXDO6FLHQFHV8QLYHUVLW\RI:LVFRQVLQ0DGLVRQ
 &OLQLFDODQG0HGLFDO$IIDLUV&DUGLR'[,QF5HGZRRG&LW\&$86$
 &DUGLRYDVFXODU+HDOWK5HVHDUFK8QLW'HSDUWPHQWRI0HGLFLQH(SLGHPLRORJ\DQG
+HDOWK6HUYLFHV8QLYHUVLW\RI:DVKLQJWRQ6HDWWOH:$
 .DLVHU3HUPDQHQWH:DVKLQJWRQ+HDOWK5HVHDUFK,QVWLWXWH6HDWWOH:$
 'LYLVLRQRI(SLGHPLRORJ\DQG&OLQLFDO$SSOLFDWLRQV1DWLRQDO(\H,QVWLWXWH1DWLRQDO
,QVWLWXWHVRI+HDOWK
3DJHRI 'LDEHWHV
Ϯ
 'HSDUWPHQWRI0HGLFDO*HQHWLFV3HGLDWULFVDQG0HGLFDO5HVHDUFK&KLQD0HGLFDO
8QLYHUVLW\+RVSLWDO
 0HQ]LHV,QVWLWXWHIRU0HGLFDO5HVHDUFK8QLYHUVLW\RI7DVPDQLD
 'HSDUWPHQWRI2SKWKDOPRORJ\<RQJ/RR/LQ6FKRRORI0HGLFLQH1DWLRQDO8QLYHUVLW\
RI6LQJDSRUH
&RQWULEXWHGHTXDOO\
&RQWULEXWHGHTXDOO\
&RUUHVSRQGLQJDXWKRU&KLQJ<X&KHQJ6LQJDSRUH(\H5HVHDUFK,QVWLWXWH7KH$FDGHPLD
&ROOHJH5RDG'LVFRYHU\7RZHU/HYHO6LQJDSRUH
7HO)D[
(PDLOFKLQJ\XFKHQJ#GXNHQXVHGXVJ
5XQQLQJWLWOH056WXG\RI/LSLGDQG'5
:RUN&RXQW
1XPEHURIWDEOHVPDLQRQOLQHVXSSOHPHQWDU\
3DJHRI'LDEHWHV
ϯ
$EVWUDFW
5HVXOWV IURP REVHUYDWLRQDO VWXGLHV H[DPLQLQJ G\VOLSLGHPLD DV D ULVN IDFWRU IRU GLDEHWLF
UHWLQRSDWK\ '5 KDYH EHHQ LQFRQVLVWHQW :H HYDOXDWHG WKH FDXVDO UHODWLRQVKLS EHWZHHQ
SODVPDOLSLGVDQG'5XVLQJD0HQGHOLDQUDQGRPL]DWLRQ05DSSURDFK:HSRROHGJHQRPH
ZLGH DVVRFLDWLRQ VWXGLHV VXPPDU\ VWDWLVWLFV IURP VWXGLHV IRU '5SKHQRW\SHV DQ\'5
1 FDVHFRQWUROVDQGVHYHUH'51 FDVHVFRQWUROV3UHYLRXVO\
LGHQWLILHG OLSLGDVVRFLDWHG VLQJOH QXFOHRWLGH SRO\PRUSKLVPV 613V VHUYHG DV LQVWUXPHQWDO
YDULDEOHV0HWDDQDO\VLVWRFRPELQHWKH05HVWLPDWHVIURPGLIIHUHQWFRKRUWVZDVFRQGXFWHG
7KHUHZDVQRVWDWLVWLFDOO\VLJQLILFDQWFKDQJHLQRGGVUDWLRV25RIKDYLQJDQ\'5RUVHYHUH
'5IRUDQ\RI OLSLG IUDFWLRQV LQ WKHSULPDU\DQDO\VLVZKLFKXVHG613V WKDWGLGQRWKDYHD
SOHLRWURSLFHIIHFWRQDQRWKHUOLSLGIUDFWLRQ6LPLODUO\WKHUHZDVQRVLJQLILFDQWDVVRFLDWLRQLQ
WKH&DXFDVLDQDQG&KLQHVHVXEJURXSDQDO\VHV7KLVVWXG\GLGQRWVKRZHYLGHQFHRIDFDXVDO
UROHRI WKHIRXU OLSLGIUDFWLRQVRQ'5 +RZHYHUWKHVWXG\KDGOLPLWHGSRZHUWRGHWHFW25
OHVV WKDQ  SHU VWDQGDUG GHYLDWLRQ 6' LQ JHQHWLFDOO\LQGXFHG LQFUHDVH LQ SODVPD OLSLG
OHYHOVWKXVZHFDQQRWH[FOXGHWKDWFDXVDOUHODWLRQVKLSVZLWKPRUHPRGHVWHIIHFWVL]HVH[LVW
3DJHRI 'LDEHWHV
ϰ
'LDEHWLF UHWLQRSDWK\ '5 LV D PDMRU PLFURYDVFXODU FRPSOLFDWLRQ RI GLDEHWHV DQG LV WKH
OHDGLQJFDXVHRIEOLQGQHVV LQZRUNLQJDJHGDGXOWV,WKDVEHHQHVWLPDWHGWKDW WKHJOREDO
SUHYDOHQFHIRUDQ\'5DQGSUROLIHUDWLYH'53'5WREHDQGUHVSHFWLYHO\
'\VOLSLGHPLDLVDPDMRUFDUGLRYDVFXODUULVNIDFWRUDQGKDVEHHQVXJJHVWHGDOVRDVDSRWHQWLDO
ULVNIDFWRUIRU'5LQSDUWLFXODUWKHPRUHVHYHUHHQGSRLQWVVXFKDV3'5DQGGLDEHWLFPDFXODU
HGHPD '0(   +RZHYHU LQ FRQWUDVW WR WLJKW JO\FHPLF DQG EORRG SUHVVXUH FRQWURO
ZKLFKKDYHEHHQVKRZQLQFOLQLFDOWULDOVWRUHGXFH'5SURJUHVVLRQWKHUDSLHVWDUJHWHGDW
G\VOLSLGHPLDKDYHQRWVKRZQVLPLODUUHVXOWV,QWKLVUHJDUGIHQRILEUDWHDSHUR[LVRPH
SUROLIHUDWRUDFWLYDWHG UHFHSWRU DOSKD 33$5Į DJRQLVW KDV VKRZQ EHQHILWV LQ UHGXFLQJ
UHTXLUHPHQWV IRU ODVHU WUHDWPHQW RI '5 DQG '0(  EXW WKH WKHUDSHXWLF HIIHFWV RI
IHQRILEUDWHPD\QRWEH OLSLGGHSHQGHQW7KHDVVRFLDWLRQRIG\VOLSLGHPLDZLWK'5KDVEHHQ
LQFRQVLVWHQW DPRQJ REVHUYDWLRQDO VWXGLHV  3RVVLEOH UHDVRQV IRU WKLV LQFOXGH
FRQIRXQGLQJHJZLWKREHVLW\UHYHUVHFDXVDWLRQDQGPHDVXUHPHQWELDVHV$VVXFKWKHUHLV
GLIILFXOW\LQHVWDEOLVKLQJDFDXVDOUHODWLRQVKLSEHWZHHQSODVPDOLSLGVDQG'5
0HQGHOLDQ5DQGRPL]DWLRQ05 LVDVWXG\GHVLJQXWLOL]LQJJHQHWLFYDULDQWVDV LQVWUXPHQWDO
YDULDEOHV ,9V WRHYDOXDWH WKHFDXVDO UHODWLRQVKLSEHWZHHQDELRPDUNHUDQG DQRXWFRPHRI
LQWHUHVW  %HFDXVH LW WDNHV DGYDQWDJH RI WKH QDWXUDO UDQGRPL]DWLRQ RI JHQHWLF YDULDQWV
LQKHULWHGLQGHSHQGHQWRIFRQIRXQGLQJIDFWRUVVXFKDVOLIHVW\OHDQGHQYLURQPHQWDOIDFWRUV
 05 DYRLGV WKH LVVXHV RI FRQIRXQGHUV DQG UHYHUVH FDXVDOLW\ DQG VHUYHV DV D SUDFWLFDO
DSSURDFKWRHYDOXDWHWKHUHODWLRQVKLSEHWZHHQSODVPDOLSLGVDQG'5
3DJHRI'LDEHWHV
ϱ
,Q WKLV VWXG\ ZH XVHG DQ 05 DSSURDFK SRROLQJ PXOWLSOH VWXGLHV WR HYDOXDWH WKH FDXVDO
UHODWLRQVKLSEHWZHHQSODVPDOLSLGVDQGWZR'5SKHQRW\SHVDQ\'5DQGVHYHUH'5E\
HPSOR\LQJJHQHWLFYDULDQWVDVVRFLDWHGZLWKSODVPDOLSLGVDV,9V
0HWKRGV
6WXG\3DUWLFLSDQWV
:H LQFOXGHG D WRWDO RI  JHQRPHZLGH DVVRFLDWLRQ VWXGLHV *:$6 RQ '5 $IULFDQ
$PHULFDQ 3UROLIHUDWLYH 'LDEHWLF 5HWLQRSDWK\ 6WXG\ $$3'5 $JH *HQH (QYLURQPHQW
6XVFHSWLELOLW\5H\NMDYLN6WXG\$*(6$XVWUDOLDQ*HQHWLFVRI'LDEHWLF5HWLQRSDWK\6WXG\
$867 %OXH 0RXQWDLQV (\H 6WXG\ %0(6 &DUGLRYDVFXODU +HDOWK 6WXG\$IULFDQ
$PHULFDQ &+6$$&DUGLRYDVFXODU+HDOWK 6WXG\:KLWHV &+6:KLWHV*HQHWLF&HQWHU
&KLQD 0HGLFDO 8QLYHUVLW\ +RVSLWDO 7DLZDQ *HQHWLFV RI /DWLQRV 'LDEHWLF 5HWLQRSDWK\
*2/'5 -DFNVRQ +HDUW 6WXG\ -+6 0XOWL(WKQLF 6WXG\ RI $WKHURVFOHURVLV$IULFDQ
$PHULFDQ 0(6$$$ 0XOWL(WKQLF 6WXG\ RI $WKHURVFOHURVLV&KLQHVH 0(6$&+1
0XOWL(WKQLF 6WXG\ RI $WKHURVFOHURVLV(XURSHDQ 0(6$(8 0XOWL(WKQLF 6WXG\ RI
$WKHURVFOHURVLV+LVSDQLF 0(6$+,6 6LQJDSRUH &KLQHVH (\H 6WXG\ 6&(6 6LQJDSRUH
0DOD\ (\H 6WXG\ 6L0(6 6LQJDSRUH ,QGLDQ (\H 6WXG\ 6,1', 6WDUU &RXQW\ +HDOWK
6WXGLHV DQG 7DLZDQ±86 'LDEHWLF 5HWLQRSDWK\ 6WXG\ 78'5 'HWDLOV RI WKH LQGLYLGXDO
VWXGLHVKDYHEHHQSUHYLRXVO\GHVFULEHG2IWKHPKDGSKHQRW\SHLQIRUPDWLRQRQ
DQ\'5DQGRQVHYHUH'5*HQRW\SLQJZDVSHUIRUPHGRQHLWKHUWKH,OOXPLQD6DQ'LHJR
&$86$RU$II\PHWUL[6DQWD&ODUD&$86$SODWIRUPV,PSXWDWLRQZDVGRQHXVLQJWKH
0DUNRY&KDLQ+DSORW\SLQJ VRIWZDUH ,0387(RU0D&+ZLWK*HQRPHVRU+DS0DS
3KDVH ,, DV UHIHUHQFH SDQHOV 7DEOH  'HWDLOV DERXW LPSXWDWLRQ TXDOLW\ FRQWURO DQG
DGMXVWPHQW DUH SURYLGHG LQ 7DEOH  ,QIRUPHG FRQVHQW ZDV REWDLQHG IURP DOO SDUWLFLSDQWV
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HWKLFV DSSURYDOZDV REWDLQHG IURP WKH ORFDO HWKLFVFRPPLWWHH DQG UHFRPPHQGDWLRQV RI WKH
'HFODUDWLRQRI+HOVLQNLZHUHDGKHUHGWR
'LDEHWLF5HWLQRSDWK\$VVHVVPHQWDQG'HILQLWLRQ
'5 ZDV HLWKHU DVVHVVHG WKURXJK UHWLQDO SKRWRJUDSK\ RU FOLQLFDO GLDJQRVLV LQ WKH VWXGLHV
LQYROYHG'5ZDVJUDGHGXVLQJ WKH(DUO\7UHDWPHQW'LDEHWLF5HWLQRSDWK\6WXG\ (7'56
DGDSWDWLRQRI WKHPRGLILHG$LUOLH+RXVHFODVVLILFDWLRQV\VWHPRU WKH$PHULFDQ$FDGHP\RI
2SKWKDOPRORJ\ $$2 ,QWHUQDWLRQDO&OLQLFDO'LDEHWLF5HWLQRSDWK\'LVHDVH 6HYHULW\ 6FDOH
2QWKH(7'56VFDOHJUDGHUHSUHVHQWVQR'5JUDGHVLQGLFDWHVDQ\'5DQGJUDGHV
LQGLFDWHVVHYHUHQRQSUROLIHUDWLYH'513'5DQGSUROLIHUDWLYH'53'52QWKH$$2
VFDOH WKH FDWHJRU\ QR '5 LQGLFDWHV DEVHQFH RI '5 WKH UHPDLQLQJ  FDWHJRULHV WRJHWKHU
LQGLFDWH DQ\'5 DQG WKH WZR KLJKHVW FDWHJRULHV WRJHWKHU FDSWXUH VHYHUH13'5 DQG 3'5
6LQFH DOO WKH VWXGLHV ZHUH JUDGHG E\ RQH RI WKHVH WZR VFDOHV DQG LW LV VWUDLJKWIRUZDUG WR
KDUPRQL]H'5SKHQRW\SHVDFURVV WKHVH WZRVFDOHV LWZDVSRVVLEOH WRHDVLO\KDUPRQL]H WKH
'5SKHQRW\SHDFURVVDOOWKHVWXGLHV
7ZR'5SKHQRW\SHVZHUHDVVHVVHGLQ05DQDO\VHVDQ\'5UHIHUUHGWRSDUWLFLSDQWVZLWK
HYLGHQFHRISUHVHQFHRI'5VHYHUH'5UHIHUUHGWRSDUWLFLSDQWVZLWKVHYHUH13'5DQGRU
3'57DEOH&RQWUROVLQWKH*:$6DQDO\VHVZHUHGHILQHGDVW\SHGLDEHWLFVZLWKRXW'5
FDVHVZHUHW\SHGLDEHWLFVZLWKHLWKHURIWKHGHILQHG'5SKHQRW\SHV
*HQHWLF,QVWUXPHQWDO9DULDEOHV
:HVHOHFWHGOLSLGDVVRFLDWHGVLQJOHQXFOHRWLGHSRO\PRUSKLVPVDWORFL LQFOXGLQJIRU
KLJKGHQVLW\OLSRSURWHLQ+'/FKROHVWHUROIRUORZGHQVLW\OLSRSURWHLQ/'/FKROHVWHURO
 IRU WULJO\FHULGHVDQG IRU WRWDO FKROHVWHURO SUHYLRXVO\ LGHQWLILHGE\ WKH*OREDO/LSLGV
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*HQHWLF&RQVRUWLXP */*&  LQ LQGLYLGXDOV RI (XURSHDQ DQFHVWU\ 6XPPDU\ VWDWLVWLFV
GDWDIRUWKHDVVRFLDWLRQEHWZHHQWKHVH613VDQGSODVPDOLSLGVZHUHXVHGDVJHQHWLF,9V
IRU05DQDO\VHVLQDOOHWKQLFLWLHVDQGIRU&DXFDVLDQFRKRUWV7KH613VXVHGDV,9VZHUHQRW
LQ OLQNDJHGLVHTXLOLEULXP5ZLWKHDFKRWKHUDVUHSRUWHGE\WKHRULJLQDOUHSRUW
:HWKHQWHVWHGWKHHIIHFWVRIWKHVH613VRQSODVPDOLSLGOHYHOVLQ(DVW$VLDQSRSXODWLRQV
IURPWKH$VLDQ*HQHWLF(SLGHPLRORJ\1HWZRUN$*(1FRQVRUWLXPLGHQWLILHG613V
IRU+'/FKROHVWHUROIRU/'/FKROHVWHURODQGIRUWULJO\FHULGHVDVVRFLDWHGZLWKSODVPD
OLSLGV3LQ(DVW$VLDQVDQGXVHGWKHPIRU05DQDO\VLVLQ&KLQHVHJURXSV
6LQFHWKHJRDOZDVWRHVWLPDWHWKHXQFRQIRXQGHGDVVRFLDWLRQRIVSHFLILFOLSLGIUDFWLRQVZLWK
WKH'5 RXWFRPHV DQ\ RI WKH  613V WKDW ZDV DOVR DVVRFLDWHGZLWK DQRWKHU IUDFWLRQ E\
GHILQLWLRQYLRODWHVWKH05DVVXPSWLRQWKDWWKH613,9KDVQRSOHLRWURSLFHIIHFWDQGRQO\DFWV
RQWKHRXWFRPHYLD WKHVSHFLILFOLSLGIUDFWLRQH[SRVXUH7KHUHIRUHIRUWKHSULPDU\DQDO\VLV
ZHVHOHFWHGWKHVXEVHWRI613VWKDWZHUHXQLTXHLQGHSHQGHQWWRHDFKOLSLGIUDFWLRQLHGLG
QRW DOVR KDYH SOHLRWURSLF HIIHFW RQ DQRWKHU OLSLG IUDFWLRQ DV UHSRUWHG E\ WKH */*& 
8VLQJ W\SHGLDEHWHVJHQHWLFVRUJ ZH DOVR H[DPLQHG ZKHWKHU DQ\ RI WKHVH 613V ZHUH
VLJQLILFDQWO\DVVRFLDWHG3;ZLWKRWKHUULVNIDFWRUVIRU'5W\SHGLDEHWHVLWVHOI
UHODWHGJO\FHPLFWUDLWVDQGK\SHUWHQVLRQ:HDOVRHOLPLQDWHGWKRVH613VIURPWKHSULPDU\
DQDO\VLV 6XSSOHPHQWDU\ 7DEOH  +RZHYHU ZH ZHUH DOVR FRQFHUQHG WKDW WKH SULPDU\
DQDO\VLVZRXOGVXIIHUIURPDVLJQLILFDQW ORVVRISRZHUDQGPLJKWRYHUFRUUHFWIRUSOHLRWURS\
DPRQJWKHGLIIHUHQWOLSLGIUDFWLRQV7KHUHIRUHZHDOVRSHUIRUPHGDVHFRQGDU\DQDO\VLVZKHUH
ZLWKWKHHQWLUHVHWRI613V2IQRWHWKH613VZHUHFKRVHQVXFKWKDWHDFK613ZDV
RQO\FKRVHQDVVLJQHGWREHWKH,9IRUWKHOLSLGIUDFWLRQIRUZKLFKLWPRVWVWURQJO\DVVRFLDWHG
7KDWLVLID613ZDVVLJQLILFDQWO\DVVRFLDWHGZLWKERWK+'/DQGWRWDOFKROHVWHUROOHYHOVEXW
WKH DVVRFLDWLRQZLWK+'/ OHYHOVZDV VWURQJHU WKHQ LWZDV RQO\ FKRVHQ DV DQ ,9 IRU+'/
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OHYHOV  7KLV HOLPLQDWHG VRPH SOHLRWURSLF 613V IURP WKH DQDO\VLV DOWKRXJK LW ZDV QRW DV
FRQVHUYDWLYH DV WKH SULPDU\ DQDO\VLV ZKLFK HOLPLQDWHG 613V ZLWK DQ\ SOHLRWURSLF HIIHFWV
FRPSOHWHO\HJWKH\ZHUHQRWDVVLJQHGDV,9VIRUDQ\OLSLGIUDFWLRQ
6WDWLVWLFDO$QDO\VLV
:HREWDLQHG*:$6VXPPDU\ VWDWLVWLFVGDWD IURP LQGLYLGXDO VWXGLHV IRU HLWKHU RU ERWK'5
SKHQRW\SHV IRU WKH 613V ZKHUH JHQRW\SH DQG LPSXWHG GDWD ZHUH DYDLODEOH :H WKHQ
SHUIRUPHG LQYHUVH YDULDQFHZHLJKWHG IL[HGHIIHFWPHWDDQDO\VHVZLWK0(7$/ VRIWZDUH WR
SRRODYDLODEOH*:$6VXPPDU\GDWDIRUHDFK613IRUERWK'5SKHQRW\SHVIURPLQGLYLGXDO
VWXGLHV,QGLYLGXDO613GDWDZHUHSRROHGIURPDOOVWXGLHVDVZHOODVVWXGLHVIURP&DXFDVLDQ
DQG&KLQHVHFRKRUWVVHSDUDWHO\
1H[WWKHDVVRFLDWLRQEHWZHHQSODVPDOLSLGVDQG'5DWHDFK613ZDVFDOFXODWHGDVȕOLSLG'5 
ȕ613OLSLGȕ613'5ZKHUHȕOLSLG'5UHSUHVHQWV WKHHVWLPDWHGHIIHFWVL]HORJDULWKPRI WKH
RGGVUDWLR>25@RI6'RIJHQHWLFDOO\GHWHUPLQHGSODVPDOLSLGOHYHOVRQ'57RDVVHVVWKH
DVVRFLDWLRQ EHWZHHQ HDFK OLSLG WUDLW DQG '5 ZH FRPELQHG WKH ȕOLSLG'5 HVWLPDWHV DFURVV
PXOWLSOH 613V XVLQJ IL[HGHIIHFW PHWDDQDO\VLV &RFKUDQ¶V 4 WHVW ZDV DSSOLHG WR DVVHVV
KHWHURJHQHLW\ DFURVV 613V +HWHURJHQHLW\ DFURVV 613V ZDV IRXQG WR EH ORZ ,  
DPRQJVWXGLHV6XSSOHPHQWDU\7DEOHKHQFHUDQGRPHIIHFWPHWDDQDO\VLVZDVQRWFDUULHG
RXW
:HSHUIRUPHGWKHVDPHDQDO\VLVIRUVXEJURXSVRIVWXGLHVIRUHDFK'5SKHQRW\SHZKHUHWKH
,9V ZHUH SUHVXPHG WR EH VWURQJHU RQ DFFRXQW RI VLPLODU DQFHVWU\ EDFNJURXQGV  DPRQJ
VWXGLHVRI&DXFDVLDQDQFHVWU\XVLQJWKH613VLGHQWLILHGE\WKH*/*&DV,9VDQGDPRQJ
VWXGLHVRI&KLQHVHDQFHVWU\XVLQJ613VIURPWKH$*(1FRQVRUWLXPDV ,9V2IQRWHȕ613
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OLSLG HVWLPDWHVGLIIHUHGEHWZHHQ*/*&DQG$*(1 WKXVVXSSRUWLQJ WKHVHSDUDWHDQDO\VHV LQ
WKHVHWZRSRSXODWLRQV$OOVWDWLVWLFDODQDO\VHVZHUHSHUIRUPHGXVLQJ6WDWD6WDWD&RUS/3
&ROOHJH6WDWLRQ7;
5HVXOWV
7KHEDVHOLQHFKDUDFWHULVWLFVRIWKHSDUWLFLSDQWVLQHDFKVWXG\DUHVKRZQLQ7DEOH$WRWDORI
FDVHVDQGFRQWUROVZHUH LQFOXGHG LQ WKHDQDO\VLVRI WKHDQ\'5SKHQRW\SHDQG
FDVHVDQGFRQWUROVZHUHLQFOXGHGLQWKHDQDO\VLVRIWKHVHYHUH'5SKHQRW\SH$
VXPPDU\RIWKHOLSLGDVVRFLDWHG613VXVHGDV,9VIRU05DQDO\VLVDQGWKH613V¶SRROHG
DVVRFLDWLRQZLWK'5DUHVKRZQ6XSSOHPHQWDU\7DEOHVDQG
7DEOHVDQGVKRZWKHUHVXOWVRIWKH05DQDO\VLVIRUWKHDQ\'5SKHQRW\SHLQDOOFRKRUWVDV
ZHOODVWKHVXEJURXS&DXFDVLDQDQG&KLQHVHFRKRUWDQDO\VHV:HGLGQRWILQGDQ\VLJQLILFDQW
DVVRFLDWLRQEHWZHHQSODVPDOLSLGVDQG'5,QWKHSULPDU\DQDO\VLV7DEOHIRUHDFK6'
LQFUHDVH LQJHQHWLFDOO\ LQGXFHG LQFUHDVH LQSODVPD OLSLGSURILOHV WKH25RIKDYLQJDQ\'5
ZDV   &, ± IRU +'/  ± IRU /'/  ± IRU
WULJO\FHULGHVDQG±IRUWRWDOFKROHVWHUROLQWKHDOOHWKQLFLWLHVDQDO\VLV
,QWKHVHFRQGDU\DQDO\VLV7DEOHIRUHDFK6'LQFUHDVHLQJHQHWLFDOO\LQGXFHGLQFUHDVHLQ
SODVPD OLSLG SURILOHV WKH25 RI KDYLQJ'5ZDV  &, ± IRU+'/ 
± IRU /'/  ± IRU WULJO\FHULGHV DQG  ± IRU WRWDO
FKROHVWHUROLQWKHDOOHWKQLFLWLHVDQDO\VLV
7DEOHV  DQG VKRZ WKH UHVXOWV RI WKH05 DQDO\VLV IRU WKH VHYHUH'5SKHQRW\SH )RU WKH
SULPDU\DQDO\VLV7DEOH WKH25&,IRU WKHDVVRFLDWLRQEHWZHHQSODVPDOLSLGVDQG
VHYHUH'5ZDV  ± IRU+'/  ± IRU /'/   IRU
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WULJO\FHULGHVDQG±IRUWRWDOFKROHVWHURO,QWKHVHFRQGDU\DQDO\VLV7DEOH
WKH25&,IRUWKHDVVRFLDWLRQEHWZHHQ+'//'/DQGWRWDOFKROHVWHURODQGVHYHUH'5
ZDV±±DQG±UHVSHFWLYHO\,QWKHVHFRQGDU\
DQDO\VLVWKHUHZDVVWURQJHUHYLGHQFHWKDWUDLVHGJHQHWLFDOO\GHWHUPLQHGSODVPDWULJO\FHULGHV
OHYHOV FRQIHUUHG DQ LQFUHDVHG ULVN RI KDYLQJ VHYHUH '5 25   &, ±
DOWKRXJKWKHUHVXOWVGLGQRWDFKLHYHVWDWLVWLFDOVLJQLILFDQFH3 :HGLGQRWILQGDQ\
DVVRFLDWLRQ EHWZHHQ SODVPD OLSLGV DQG VHYHUH'5 LQ WKH VXEJURXS &DXFDVLDQ DQG &KLQHVH
FRKRUWDQDO\VHV
2I QRWH LQ WKH SULPDU\ DQDO\VLV XVLQJ RQO\ VWULFWO\GHILQHG LQGHSHQGHQW ,9V WKH ULVN RI
JHQHWLFDOO\GHWHUPLQHGSODVPDWULJO\FHULGHVOHYHOVRQKDYLQJVHYHUH'5ZDVJUHDWO\UHGXFHG
25&,±VXJJHVWLQJWKDWWKHDVVRFLDWLRQLQWKHVHFRQGDU\DQDO\VLVZDV
GXHWRSOHLRWURSLFWULJO\FHULGHUHODWHG613V*LYHQWKLVILQGLQJZHDOVRUHSHDWHGWKHDQDO\VLV
IRU WULJO\FHULGHVDQGVHYHUH'5XVLQJ WKH613V WKDWKDYHHIIHFWVRQWULJO\FHULGHVDQGDW
OHDVW RQH RWKHU OLSLG IUDFWLRQ 7DEOH   7KH ULVN RI JHQHWLFDOO\ GHWHUPLQHG SODVPD
WULJO\FHULGHV OHYHOV RQ KDYLQJ VHYHUH'5ZDV VWUHQJWKHQHG 25  &,  
3  ZKHQ RQO\ WKHVH  SOHLRWURSLF 613V ZHUH XVHG  %HFDXVH WKH 33$5Į DJRQLVW
IHQRILEUDWHKDVVKRZQEHQHILWVLQUHGXFLQJUHTXLUHPHQWVIRUODVHUWUHDWPHQWRI'5DQG'0(
 WKDW DUH QRW H[SODLQHG E\ LWV WKHUDSHXWLF HIIHFWV RQ WULJO\FHULGH OHYHOV ZH H[DPLQHG
ZKHWKHUDQ\RIWKHVH613VZHUHLQRUQHDU33$5ĮWDUJHWJHQHV:HIRXQGWKDWRI
WKHVH613VDUHQHDU33$5ĮWDUJHWJHQHVLQYROYHGLQOLSRSURWHLQXSWDNHPHWDEROLVPDQG
OLSRJHQHVLV6XSSOHPHQWDU\7DEOH
:H FDOFXODWHG WKH SRZHU IRU WKLV VWXG\ XVLQJ DOO  613V  :H GHWHUPLQHG SRZHU IRU
YDU\LQJ25VIRU'5SHU6'RIWKHH[SRVXUHYDULDEOHSODVPDOLSLGZLWKWKHDVVXPSWLRQWKDW
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WKHSURSRUWLRQRIOLSLGYDULDQFHH[SODLQHGE\613,9VLV5aDQGZLWKDW\SHHUURURI
6XSSOHPHQWDU\7DEOH7KHPLQLPXP25IRUZKLFKWKHVWXG\KDVSRZHULV
IRUWKHDQ\'5RXWFRPHDQGDSSUR[LPDWHO\IRUWKHVHYHUH'5RXWFRPH
'LVFXVVLRQ
7RWKHEHVWRIRXUNQRZOHGJHRXUVWXG\LVWKHPRVWFRPSUHKHQVLYH05VWXG\WRHYDOXDWHWKH
FDXVDO UROH RI SODVPD OLSLGV LQ '5 GHYHORSPHQW E\ FRPELQLQJ PXOWLHWKQLF FRKRUWV IURP
GLIIHUHQW FRXQWULHV :H GLG QRW VHH FOHDU HYLGHQFH RI D FDXVDO UHODWLRQVKLS EHWZHHQ OLSLG
PHDVXUHVDQG'5 LQ WKHJURXSDV DZKROH QRU LQ WKH VXEJURXSDQDO\VHV LQ&DXFDVLDQ DQG
&KLQHVH FRKRUWV XVLQJ VWURQJHU ,9V2XU ILQGLQJVPD\ KHOS VKHG OLJKW RQ WKH FRQVLGHUDEOH
YDULDELOLW\LQSUHYLRXVREVHUYDWLRQDOVWXGLHVH[SORULQJWKHDVVRFLDWLRQEHWZHHQSODVPDOLSLGV
DQG'5 ,QSUHYLRXVVWXGLHV+'//'/ WULJO\FHULGHV DQG WRWDO
FKROHVWHURO  KDYH EHHQ LQFRQVLVWHQWO\ VKRZQ WR EH DVVRFLDWHG ZLWK '5 2XU ILQGLQJV
VXJJHVWWKDWWKHVHDVVRFLDWLRQVSUHYLRXVO\REVHUYHGPD\RYHUDOOEHQRQFDXVDOSDUWLDOO\GXH
WR UHVLGXDO FRQIRXQGHUV 2XU ILQGLQJV ZHUH JHQHUDOO\ FRQVLVWHQW WKURXJKRXW WKH VXEJURXS
DQDO\VHVDQGDFURVVSRSXODWLRQVDVZHIRXQGQRKHWHURJHQHLW\DFURVVGLIIHUHQWSRSXODWLRQV
+RZHYHUWKLVVWXG\ZDVQRWSRZHUHGWRGHWHFWPRGHVW25HIIHFWVL]HVDQGWKXVZH
FDQQRWH[FOXGHWKHSRVVLELOLW\WKDWPRUHPRGHVWFDXVDODVVRFLDWLRQVEHWZHHQOLSLGOHYHOVDQG
'5PD\H[LVW
2XU ILQGLQJVGLG VXJJHVW D SRVVLEOHFDXVDO UHODWLRQVKLSEHWZHHQ DSOHLRWURSLF SDWKZD\ WKDW
LQFOXGHVWKHWULJO\FHULGHSDWKZD\DQGVHYHUH'5,QDVXEDQDO\VLVH[DPLQLQJWKH613VWKDW
KDYH HIIHFWV RQ WULJO\FHULGHV DQG DW OHDVW RQH RWKHU OLSLG IUDFWLRQ WKHUH ZDV D PDUJLQDOO\
VLJQLILFDQW3 DVVRFLDWLRQEHWZHHQWKHJHQHWLFDOO\GHWHUPLQHGSODVPDOLSLGOHYHOVDQG
VHYHUH'5ULVN 7KLV ILQGLQJPXVWEH LQWHUSUHWHGFDXWLRXVO\JLYHQ WKHPXOWLSOHK\SRWKHVHV
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WHVWHG LQ WKLV VWXG\ EXW LW LV DQ LQWHUHVWLQJ ILQGLQJ WKDW VKRXOG EH IROORZHG XS LQ IXWXUH
VWXGLHV
3UHYLRXVVWXGLHVKDYHVKRZQDQDVVRFLDWLRQEHWZHHQG\VOLSLGHPLDDQGVHYHUH'5DVZHOO
DV EHQHILFLDO HIIHFWV RI IHQRILEUDWH WUHDWPHQW RQ'5 )HQRILEUDWHDFWVPDLQO\ WR ORZHU
SODVPD WULJO\FHULGHV OHYHOV EXW WKHPHFKDQLVP RI LWV HIIHFW RQ '5 LV XQFOHDU  ,Q WKH
)HQRILEUDWH ,QWHUYHQWLRQ DQG (YHQW /RZHULQJ LQ 'LDEHWHV ),(/' VWXG\ WUHDWPHQW ZLWK
IHQRILEUDWH UHGXFHG WKH QHHG IRU ODVHU WUHDWPHQW IRU '5 DQG DOVR D UHGXFWLRQ LQ VWHS
SURJUHVVLRQ LQ '5 DPRQJ WKRVH ZLWK SUHH[LVWLQJ '5  7KH $FWLRQ WR &RQWURO
&DUGLRYDVFXODU5LVNLQ'LDEHWHV$&&25'VWXG\VLPLODUO\VKRZHGWKDWIHQRILEUDWHUHGXFHG
'5 SURJUHVVLRQ LQ FRPELQDWLRQ ZLWK VWDWLQV DOWKRXJK WKLV HIIHFW FRXOG QRW EH HQWLUHO\
H[SODLQHGEDVHGRQSODVPD OLSLGDOWHULQJ HIIHFWV  2XU GDWD VXJJHVWV WKDW WKH 613V WKDW
LQIOXHQFH WULJO\FHULGH OHYHOV EXW DOVR LQIOXHQFH RWKHU SODVPD OLSLG IUDFWLRQV PD\ KDYH WKH
VWURQJHVWLQIOXHQFHRQ'5ULVNVXJJHVWLQJSOHLRWURSLFHIIHFWVRI613VPD\EHLPSRUWDQW,Q
SDUWLFXODU IXUWKHU H[DPLQDWLRQ RI WKH HIIHFWV RI WKH WKUHH WULJO\FHULGH 613V QHDU 33$5Į
WDUJHW JHQHV 6XSSOHPHQWDU\7DEOH PD\ KHOS WR IXUWKHU H[SODLQ KRZ IHQRILEUDWH UHGXFHV
'5SURJUHVVLRQZLWKDPHFKDQLVPRWKHUWKDQFKDQJHLQSODVPDOLSLGSURILOH
,W LV SRVVLEOH WKDW WKH WUDGLWLRQDO OLSLG PHDVXUHV RI WRWDO +'/ DQG /'/ FKROHVWHURO DQG
WULJO\FHULGHVPD\QRWDFFXUDWHO\PHDVXUHWKHHIIHFWVRIG\VOLSLGHPLDRQ'53UHYLRXVVWXGLHV
KDYH VXJJHVWHG D PRUH GLUHFW UHODWLRQVKLS EHWZHHQ DSROLSRSURWHLQ $, $SR$, DQG
DSROLSRSURWHLQ % $SR% ZLWK '5 FRPSDUHG WR WUDGLWLRQDO OLSLG PHDVXUHV $SR$, FDQ EH
IRXQGLQ+'/DQGLVRYHUH[SUHVVHGLQWKHUHWLQDRIGLDEHWLFSDWLHQWV$SR%LVDVWUXFWXUDO
SURWHLQIRUYHU\ORZGHQVLW\ OLSRSURWHLQ LQWHUPHGLDWHGHQVLW\ OLSRSURWHLQDQG/'/DQG
PD\ UHIOHFW WKH DWKHURJHQLF SRWHQWLDO RI OLSLGPHWDEROLVP  2EVHUYDWLRQDO VWXGLHV KDYH
3DJHRI'LDEHWHV
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IRXQG$SR$,$SR%DQG$SR%WR$SR$,UDWLR WREHVLJQLILFDQWO\DVVRFLDWHGZLWK'5ZLWK
KLJKHUGLVFULPLQDWLQJDELOLWLHVIRU'5FRPSDUHGWRWUDGLWLRQDOOLSLGPHDVXUHV2XUVWXG\
GLGQRWHYDOXDWHJHQHWLFDOO\GHWHUPLQHGDSROLSRSURWHLQOHYHOVDV,9VIRU05DQDO\VLVZKLFK
PD\\HWUHYHDOSRVVLEOHFDXVDOUHODWLRQVKLSVEHWZHHQG\VOLSLGHPLDDQG'5
7KH VWUHQJWKV RI WKLV VWXG\ LQFOXGH SRROHG GDWD IURP PXOWLSOH SRSXODWLRQEDVHG VWXGLHV
DOORZLQJXVWRLQFUHDVHVDPSOHVL]HDQGWKXVVWDWLVWLFDOSRZHU'HVSLWHWKLVRXUVWXG\LVVWLOO
OLPLWHGE\VDPSOHVL]H,WLVSRVVLEOHWKDWDODUJHUEHWWHUSRZHUHGVWXG\LQWKHIXWXUHFRXOG
UHYHDODSRVLWLYHILQGLQJ:HDOVRXVHGPXOWLSOHOLSLGDVVRFLDWHG613VWRLQFUHDVHWKHDELOLW\
WRGHWHFWDQDVVRFLDWLRQEHWZHHQHDFKOLSLGWUDLWDQG'5DVHIIHFWVRILQGLYLGXDO613VRQ'5
PD\EHPRGHVW7KH,9VXVHGIRUWKH(XURSHDQDQDO\VLVDOOJHQRPHZLGHVLJQLILFDQW613V
ZHUHTXLWHVWURQJZLWKDQHVWLPDWHG)6WDWLVWLFRIJUHDWHUWKDQJLYHQWKH5aLQWKH
RULJLQDOUHSRUW)RU$VLDQVXEDQDO\VLVWKH,9VZHUHZHDNHUEXWWKHVHQVLWLYLW\DQDO\VLV
XVLQJ WKH VWURQJ ,9V JHQRPHZLGH VLJQLILFDQW613VGLGQRWFKDQJH WKH UHVXOWVPDWHULDOO\
6XSSOHPHQWDU\7DEOHVDQG
/LPLWDWLRQVWRWKLVVWXG\LQFOXGHGLIIHULQJ'5JUDGLQJPHWKRGRORJLHVDPRQJSRROHGVWXGLHV
EXWKDUPRQL]DWLRQZDVVWUDLJKWIRUZDUGEHFDXVHDOOVWXGLHVZHUHJUDGHGRQRQHRIWZRZLGHO\
DFFHSWHGVFDOHV$QRWKHUOLPLWDWLRQLVWKDWWKHWUDGLWLRQDOPHWDDQDO\VLVWHFKQLTXHVXVHGGR
QRWFRPSOHWHO\WDNHLQWRDFFRXQWWKHYDULDELOLW\LQDOOHOLFHIIHFWVEHWZHHQHWKQLFJURXSV
)L[HGHIIHFWVPHWDDQDO\VLVDVVXPHVWKHDOOHOLFHIIHFWWREHWKHVDPHLQDOOSRSXODWLRQV
&RQYHUVHO\UDQGRPHIIHFWVPHWDDQDO\VLVDVVXPHVWKDWHDFKSRSXODWLRQKDVDGLIIHUHQW
XQGHUO\LQJDOOHOLFHIIHFWZKLFKLVDOVRVXERSWLPDOVLQFHSRSXODWLRQVIURPWKHVDPHHWKQLF
JURXSWHQGWREHPRUHKRPRJHQRXVWKDWWKRVHWKDWDUHPRUHGLVWDQWO\UHODWHG:HIRXQGOLWWOH
HYLGHQFHRIKHWHURJHQHLW\DQGWKHUHIRUHZHIHHOWKDWWKHIL[HGHIIHFWPHWDDQDO\VLVDSSURDFK
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LVMXVWLILHGDQGWKDWKHWHURJHQHLW\LVQRWDOLNHO\H[SODQDWLRQIRUWKHQHJDWLYHUHVXOWV
+RZHYHUZHFDQQRWH[FOXGHWKHSRVVLELOLW\WKDWVRPHWUDQVHWKQLFKHWHURJHQHLW\PD\
GHFUHDVHWKHSRZHURIWKLVVWXG\VOLJKWO\7KHYDULDWLRQLQLPSXWDWLRQWKUHVKROGVDQG
DGMXVWPHQWDPRQJWKHFRKRUWVLVDQRWKHUOLPLWDWLRQRIWKHVWXG\VLQFHZKHWKHUD613ZDV
LPSXWHGDQGLPSXWDWLRQDFFXUDF\FDQDIIHFWWKHSUHFLVLRQYDULDQFHH[SODLQHGDQGSRZHURI
WKHVWXG\,QDGGLWLRQRXUVWXG\GLGQRWH[SORUHWKHUHODWLRQVKLSEHWZHHQSODVPDOLSLGVDQG
GLDEHWLFPDFXODUHGHPDZKLFKKDVEHHQVXJJHVWHGLQSUHYLRXVVWXGLHV
7KH613VFKRVHQDV ,9V IRU05DQDO\VLV LQDOO HWKQLFLWLHVZHUH LGHQWLILHG IURPDSUHYLRXV
VWXG\RILQGLYLGXDOVIURP(XURSHDQDQFHVWU\ZKLFKH[SODLQHGRQO\RIWRWDOOLSLGWUDLW
YDULDQFH  DQG WKLV PLJKW DOVR KDYH ZHDNHQHG WKH ,9 VWUHQJWK LQ RXU QRQ(XURSHDQ
FRKRUWV+RZHYHUZKHQZH FRPSDUH ILQGLQJV IURP WKDW ODUJHVW(XURSHDQ*:$6 IRU OLSLG
OHYHOV WR WKH ILQGLQJV IURP JHQHWLF DVVRFLDWLRQ VWXGLHV SHUIRUPHG LQ $IULFDQ $PHULFDQV
+LVSDQLFV DQG $VLDQV ZH ILQG JUHDW FRQVLVWHQF\ ZLWK UHJDUGV WR HIIHFW VL]H DQG GLUHFWLRQ
DPRQJ HWKQLFLWLHV 6XSSOHPHQWDU\ 7DEOHV  :KLOH WKHUHPD\ EH VRPH ORVV RI SRZHU
IURPSRWHQWLDOLQWHUDQFHVWU\GLIIHUHQFHVLQ613VDIIHFWLQJOLSLGOHYHOVLWLVOLNHO\RXWZHLJKHG
E\WKHJDLQLQSRZHUE\XWLOL]LQJWKHODUJHUQXPEHURI613VIURPWKH(XURSHDQOLSLG*:$6
ZKLFKH[SODLQVDJUHDWHUDPRXQWRIOLSLGOHYHOYDULDWLRQ
,QDGGLWLRQWKH613VFKRVHQDV,9VIURP05DQDO\VLVZHUHGHULYHGIURPDVWXG\RIPDLQO\
QRQGLDEHWLF VXEMHFWV ZKLFK PD\ DOVR GHFUHDVH WKH YDOLGLW\ RI WKH PHDVXUHV LQ RXU VWXG\
+RZHYHU D UHFHQW*:$6RI OLSLG OHYHOV SHUIRUPHGH[FOXVLYHO\ LQ W\SHGLDEHWLF SDWLHQWV
LGHQWLILHG DOO RI WKH WRS ILQGLQJV KDG EHHQ SUHYLRXVO\ IRXQG LQ QRQGLDEHWLF SRSXODWLRQV
LQGLFDWLQJ WKDW WKHUH LV VLJQLILFDQW DOLJQPHQW RI WKH JHQHWLF DUFKLWHFWXUH RI OLSLG OHYHOV
EHWZHHQQRQGLDEHWLFDQGGLDEHWLFSRSXODWLRQV 6XSSOHPHQWDU\7DEOH  :HGLGQRW
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HVWDEOLVKWKHDVVRFLDWLRQRIWKH613VZLWKOLSLGOHYHOVGLUHFWO\LQRXURZQFRKRUWVEHFDXVHZH
RQO\KDGOLSLGOHYHOGDWDRQDVXEVHWRISDWLHQWV7KLVLVDOLPLWDWLRQEXWZHQRWHWKDWRWKHU
05VWXGLHVRIOLSLG613VKDYHDOVRXVHGWKHDSSURDFKZHHPSOR\KHUHZLWKSRVLWLYHUHVXOWV
 DQG VRZHGR QRW WKLQN WKLVPHWKRGRORJLF OLPLWDWLRQ LV OLNHO\ WR H[SODLQ RXU QHJDWLYH
UHVXOWV
2QHILQDOOLPLWDWLRQRIWKLVVWXG\LVWKHLQDELOLW\WRFRQYHUWULVNHVWLPDWHVLQWRPRUHFOLQLFDOO\
PHDQLQJIXO HVWLPDWHV  7KLV LV D OLPLWDWLRQ RI DOO05 VWXGLHV XVLQJ WKH VXPPDU\ VWDWLVWLFV
IURPODUJH*:$6VWXGLHVEXWLWGRHVQRWLQYDOLGDWHWKHPDLQDLPRIWKHVHVWXGLHVZKLFKLVWR
JDUQHUHYLGHQFHIRUFDXVDOLW\,QWKH*/*&*:$6WKHVWDWLVWLFDODQDO\VLVZDVDOLQHDU
UHJUHVVLRQZLWKWKHLQYHUVHQRUPDOWUDQVIRUPHGOLSLGWUDLWDVWKHGHSHQGHQWYDULDEOH7KH
HIIHFWHVWLPDWHVZHUHSURYLGHGLQ6'XQLWV8QIRUWXQDWHO\WKHUDZOLSLGYDOXHGDWDIURPWKLV
VWXG\DUHQRWDYDLODEOH7KHUHIRUHZHDUHQRWDEOHWRFRQYHUWRXUILQGLQJVWRDPRUHFOLQLFDOO\
PHDQLQJIXORXWFRPHVXFKDV6'RIUDZSODVPDOLSLGOHYHOV7KH*/*&*:$6GRHVSURYLGH
WKHDYHUDJH6'IRU/'/PJG/+'/PJG/ WULJO\FHULGHVPJG/DQG
WRWDO FKROHVWHURO  PJG/ LQ LWV 6XSSOHPHQWDU\ 7DEOH   %XW WKH 6' RI WKH UDZ
SODVPDOLSLGYDOXHVFDQQRWEHGHULYHGGLUHFWO\IURPWKH6'RIWKHLQYHUVHQRUPDOL]HGYDOXHV
ZLWKRXWDFFHVVWRUDZGDWD
,QFRQFOXVLRQRXUILQGLQJVGLGQRWILQGFOHDUHYLGHQFHRIDFDXVDOUROHRIG\VOLSLGHPLDRQWKH
ULVN IRU'5 VXJJHVWLQJ WKDW WKH LQFRQVLVWHQWO\ REVHUYHG DVVRFLDWLRQV IURPSUHYLRXV VWXGLHV
ZHUHQRQFDXVDODQGPD\ DOVRKDYHEHHQ DIIHFWHGE\FRQIRXQGHUV:HGLG ILQGDQRPLQDO
DVVRFLDWLRQ EHWZHHQ SOHLRWURSLF WULJO\FHULGH ,9V DQG VHYHUH UHWLQRSDWK\ ZKLFK VKRXOG EH
H[SORUHG LQ IXUWKHUVWXGLHVSDUWLFXODUO\JLYHQ WKDWVRPHRI WKHVH ,9VDUH LQ ORFLQHDUJHQHV
WKDW DUH WDUJHWV IRU 33$5Į DQG WKDW IHQRILEUDWH D 33$5Į DJRQLVW KDV EHHQ VKRZQ WR
3DJHRI 'LDEHWHV
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GHFUHDVH '5 SURJUHVVLRQ 2XU VWXG\ SURYLGHV IXUWKHU XQGHUVWDQGLQJ RI WKH UHODWLYH
FRQWULEXWLRQRISODVPDOLSLGVWRWKHSDWKRJHQHVLVRIGLDEHWLFFRPSOLFDWLRQV
3DJHRI'LDEHWHV
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$FNQRZOHGJHPHQWV
$XWKRU&RQWULEXWLRQV
/6<+&/.6DQG&<&FRQWULEXWHGWRWKHZULWLQJRIWKHPDQXVFULSW4)$**.-(&-
.LP://<&+:-/<-+;*<+(,63++$3ULFH$3HQPDQ30*/$96
9**7%(..-.XR;/0:&%03.6$*(1&5$-5.0)&--:<-&-&
<',& -,55-7&/+.3% DQG 7<: UHYLHZHG DQG HGLWHG WKHPDQXVFULSW $OO DXWKRUV
FROOHFWHGDQGUHVHDUFKHGGDWD/6<+&4)$*/.6*.-(&-.LP://<&+:
-/<-+;*<+(,63$3ULFH30*/$969**7%(..-.XR;/0:&
%03.6 $*(1&5$-5.0)& --:<-<',&-,5)-7&/+.3%7<:DQG
&<&SHUIRUPHGWKHDQDO\VLV
*XDUDQWRU6WDWHPHQW
&<& LV WKH JXDUDQWRU RI WKLVZRUN DQG DV VXFK KDG IXOO DFFHVV WR DOO WKH GDWD LQ WKH VWXG\ DQG WDNHV
UHVSRQVLELOLW\IRUWKHLQWHJULW\RIWKHGDWDDQGWKHDFFXUDF\RIWKHGDWDDQDO\VLV
&RQIOLFWRI,QWHUHVW
$OODXWKRUVGHFODUHQRFRQIOLFWVRILQWHUHVW
)LQDQFLDO6XSSRUW
:H JUDWHIXOO\ DFNQRZOHGJH VXSSRUW IURP WKH IROORZLQJ RUJDQL]DWLRQV IRU WKLV UHVHDUFK
5HVHDUFKWR3UHYHQW%OLQGQHVV,QF1HZ<RUN1DWLRQDO(\H,QVWLWXWH(<(<
0DVVDFKXVHWWV /LRQV (\H 5HVHDUFK )XQG $OFRQ 5HVHDUFK ,QVWLWXWH $PHULFDQ 'LDEHWHV
$VVRFLDWLRQ&7+DUYDUG&DWDO\VW
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7KH$JH*HQH(QYLURQPHQW6XVFHSWLELOLW\5H\NMDYLN6WXG\$*(6ZDVVXSSRUWHGE\WKH
86 1DWLRQDO ,QVWLWXWHV RI +HDOWK 1,+ WKURXJK WKH ,QWUDPXUDO 5HVHDUFK 3URJUDP RI WKH
1DWLRQDO,QVWLWXWHRI$JLQJ=,$$*DQGWKH1DWLRQDO(\H,QVWLWXWH=,$(<
1,+ FRQWUDFW QXPEHU 1$* +MDUWDYHUQG WKH ,FHODQGLF +HDUW $VVRFLDWLRQ WKH
$OWKLQJL ,FHODQGLF 3DUOLDPHQW DQG WKH 8QLYHUVLW\ RI ,FHODQG 5HVHDUFK )XQG :H DUH
LQGHEWHG WR WKH VWDII DW WKH ,FHODQGLF+HDUW$VVRFLDWLRQ DQG WR WKH$*(6 SDUWLFLSDQWVZKR
YROXQWHHUHGWKHLUWLPHDQGDOORZHGXVWRFRQWULEXWHWKHLUGDWDWRWKLVLQWHUQDWLRQDOSURMHFW7KH
IXQGHUV KDG QR UROH LQ FROOHFWLRQPDQDJHPHQW DQDO\VLV RU LQWHUSUHWDWLRQ RI GDWD QRUZHUH
IXQGHUV LQYROYHG LQ WKH SUHSDUDWLRQ ZULWLQJ RU DSSURYDO RI WKH DUWLFOH RU WKH GHFLVLRQ WR
VXEPLWWKHDUWLFOHIRUSXEOLFDWLRQ
7KH$XVWUDOLDQ*HQHWLFVRI'LDEHWLF5HWLQRSDWK\6WXG\ZDVVXSSRUWHGE\WKH1DWLRQDO+HDOWK
DQG 0HGLFDO 5HVHDUFK &RXQFLO 1+05& RI $XVWUDOLD >QR @ DQG WKH 2SKWKDOPLF
5HVHDUFK,QVWLWXWHRI$XVWUDOLD.3%LVVXSSRUWHGE\D6HQLRU5HVHDUFK)HOORZVKLSIURPWKH
1+05&DQG-(&E\D3UDFWLWLRQHU)HOORZVKLSIURPWKH1+05&
7KH%OXH0RXQWDLQV(\H6WXG\%0(6ZDVVXSSRUWHGE\WKH$XVWUDOLDQ1DWLRQDO+HDOWK	
0HGLFDO 5HVHDUFK &RXQFLO 1+05& &DQEHUUD $XVWUDOLD 1+05& SURMHFW JUDQW ,'V
   DQG &HQWUH IRU &OLQLFDO 5HVHDUFK ([FHOOHQFH LQ 7UDQVODWLRQDO
&OLQLFDO5HVHDUFKLQ(\H'LVHDVHV&&5(LQ7&5(\HJUDQW,'7KH%0(6*:$6
DQG JHQRW\SLQJ FRVWVZDV VXSSRUWHG E\$XVWUDOLDQ1+05&&DQEHUUD$XVWUDOLD 1+05&
SURMHFW JUDQW ,'V   DQG  DQG WKH :HOOFRPH 7UXVW 8. DV SDUW RI
:HOOFRPH7UXVW&DVH&RQWURO&RQVRUWLXP,'V%=DQG=
3DJHRI'LDEHWHV
ϭϵ
7KH &DUGLRYDVFXODU +HDOWK 6WXG\ ZDV VXSSRUWHG E\ FRQWUDFWV ++61&
++61& 1+& 1+& 1+& 1+&
1+&1+&1+&1+& DQG JUDQWV8+/ DQG
8+/IURPWKH1DWLRQDO+HDUW/XQJDQG%ORRG,QVWLWXWH1+/%,WKH&+$5*(
LQIUDVWUXFWXUH JUDQW +/ ZLWK DGGLWLRQDO FRQWULEXWLRQ IURP WKH 1DWLRQDO ,QVWLWXWH RI
1HXURORJLFDO 'LVRUGHUV DQG 6WURNH 1,1'6 $GGLWLRQDO VXSSRUW ZDV SURYLGHG E\
5$* IURP WKH 1DWLRQDO ,QVWLWXWH RQ $JLQJ 1,$ $ IXOO OLVW RI SULQFLSDO &+6
LQYHVWLJDWRUV DQG LQVWLWXWLRQV FDQ EH IRXQG DW &+61+/%,RUJ  7KH FRQWHQW LV VROHO\ WKH
UHVSRQVLELOLW\ RI WKH DXWKRUV DQG GRHV QRW QHFHVVDULO\ UHSUHVHQW WKH RIILFLDO YLHZV RI WKH
1DWLRQDO,QVWLWXWHVRI+HDOWK
7KHVWXG\RI*HQHWLF&HQWHU&KLQD0HGLFDO8QLYHUVLW\+RVSLWDO7DLZDQZDVVXSSRUWHGE\
UHVHDUFK JUDQWV IURP %LRVLJQDWXUH SURMHFW $FDGHPLD 6LQLFD 7DLZDQ 7KH IXQGLQJ
RUJDQL]DWLRQKDGQRUROHLQWKHGHVLJQRUFRQGXFWRIWKLVUHVHDUFK
7KH -DFNVRQ+HDUW 6WXG\ -+6 LV VXSSRUWHG DQG FRQGXFWHG LQ FROODERUDWLRQZLWK -DFNVRQ
6WDWH 8QLYHUVLW\ ++61& DQG ++61& 7RXJDORR &ROOHJH
++61& DQG WKH 8QLYHUVLW\ RI 0LVVLVVLSSL 0HGLFDO &HQWHU
++61& DQG ++61& FRQWUDFWV IURP WKH 1DWLRQDO +HDUW
/XQJDQG%ORRG,QVWLWXWH1+/%,DQGWKH1DWLRQDO,QVWLWXWHIRU0LQRULW\+HDOWKDQG+HDOWK
'LVSDULWLHV1,0+'7KHDXWKRUVDOVRZLVKWRWKDQNWKHVWDIIVDQGSDUWLFLSDQWVRIWKH-+6
7KH YLHZV H[SUHVVHG LQ WKLV PDQXVFULSW DUH WKRVH RI WKH DXWKRUV DQG GR QRW QHFHVVDULO\
UHSUHVHQWWKHYLHZVRIWKH1DWLRQDO+HDUW/XQJDQG%ORRG,QVWLWXWHWKH1DWLRQDO,QVWLWXWHV
RI+HDOWKRUWKH86'HSDUWPHQWRI+HDOWKDQG+XPDQ6HUYLFHV
3DJHRI 'LDEHWHV
ϮϬ
7KH 0XOWL(WKQLF 6WXG\ RI $WKHURVFOHURVLV 0(6$ DQG WKH 0(6$ 6+$5H SURMHFW DUH
FRQGXFWHG DQG VXSSRUWHG E\ WKH 1DWLRQDO +HDUW /XQJ DQG %ORRG ,QVWLWXWH 1+/%, LQ
FROODERUDWLRQ ZLWK 0(6$ LQYHVWLJDWRUV 6XSSRUW IRU 0(6$ LV SURYLGHG E\ FRQWUDFWV
++61, 1+& 1+& 1+& 1+&
1+& 1+& 1+& 1+& 1+& 1
+& 1+& 8/75 8/75 8/75 DQG
'. )XQGLQJ IRU 6+$5H JHQRW\SLQJ ZDV SURYLGHG E\ 1+/%, &RQWUDFW 1+/
  *HQRW\SLQJ ZDV SHUIRUPHG DW $II\PHWUL[ 6DQWD &ODUD &DOLIRUQLD 86$ DQG WKH
%URDG ,QVWLWXWH RI +DUYDUG DQG0,7 %RVWRQ0DVVDFKXVHWWV 86$ XVLQJ WKH $II\PHWUL[
*HQRPH:LGH+XPDQ613$UUD\ 7KH DXWKRUV WKDQN WKH RWKHU LQYHVWLJDWRUV WKH VWDII
DQG WKH SDUWLFLSDQWV RI WKH 0(6$ VWXG\ IRU WKHLU YDOXDEOH FRQWULEXWLRQV $ IXOO OLVW RI
SDUWLFLSDWLQJ0(6$LQYHVWLJDWRUVDQGLQVWLWXWLRQVFDQEHIRXQGDWKWWSZZZPHVDQKOELRUJ
7KH6LQJDSRUH(SLGHPLRORJ\RI(\H'LVHDVHVVWXG\ZDVVXSSRUWHGE\WKH1DWLRQDO0HGLFDO
5HVHDUFK &RXQFLO 6LQJDSRUH JUDQWV    67D5
 &*6(5, &,5* DQG &,5* DQG %LRPHGLFDO
5HVHDUFK&RXQFLO6LQJDSRUHDQG&<&LVVXSSRUWHGE\DQ
DZDUGIURP105&&6$7KHIXQGLQJRUJDQL]DWLRQKDGQRUROHLQWKHGHVLJQRU
FRQGXFW RI WKLV UHVHDUFK
3DJHRI'LDEHWHV
Ϯϭ
ZĞĨĞƌĞŶĐĞƐ
ϭ͘ŚĞƵŶŐE͕DŝƚĐŚĞůůW͕tŽŶŐdz͗ŝĂďĞƚŝĐƌĞƚŝŶŽƉĂƚŚǇ͘>ĂŶĐĞƚϮϬϭϬ͖ϯϳϲ͗ϭϮϰͲϭϯϲ
Ϯ͘zĂƵ:tz͕ZŽŐĞƌƐ^>͕<ĂǁĂƐĂŬŝZ͕>ĂŵŽƵƌĞƵǆ͕<ŽǁĂůƐŬŝ:t͕ĞŬd͕ŚĞŶ^:͕ĞŬŬĞƌ:D͕&ůĞƚĐŚĞƌ͕
'ƌĂƵƐůƵŶĚ:͕,ĂĨĨŶĞƌ^͕,ĂŵŵĂŶZ&͕/ŬƌĂŵD<͕<ĂǇĂŵĂd͕<ůĞŝŶ͕<ůĞŝŶZ͕<ƌŝƐŚŶĂŝĂŚ^͕
DĂǇƵƌĂƐĂŬŽƌŶ<͕KΖ,ĂƌĞ:W͕KƌĐŚĂƌĚd:͕WŽƌƚĂD͕ZĞŵĂD͕ZŽǇD^͕^ŚĂƌŵĂd͕^ŚĂǁ:͕dĂǇůŽƌ,͕
dŝĞůƐĐŚ:D͕sĂƌŵĂZ͕tĂŶŐ::͕tĂŶŐE͕tĞƐƚ^͕yƵ>͕zĂƐƵĚĂD͕ŚĂŶŐy͕DŝƚĐŚĞůůW͕tŽŶŐdz͗'ůŽďĂů
WƌĞǀĂůĞŶĐĞĂŶĚDĂũŽƌZŝƐŬ&ĂĐƚŽƌƐŽĨŝĂďĞƚŝĐZĞƚŝŶŽƉĂƚŚǇŝĂďĞƚĞƐĂƌĞϮϬϭϮ͖ϯϱ͗ϱϱϲͲϱϲϰ
ϯ͘DŝůũĂŶŽǀŝĐ͕'ůǇŶŶZ:͕EĂƚŚĂŶD͕DĂŶƐŽŶ:͕^ĐŚĂƵŵďĞƌŐ͗ƉƌŽƐƉĞĐƚŝǀĞƐƚƵĚǇŽĨƐĞƌƵŵ
ůŝƉŝĚƐĂŶĚƌŝƐŬŽĨĚŝĂďĞƚŝĐŵĂĐƵůĂƌĞĚĞŵĂŝŶƚǇƉĞϭĚŝĂďĞƚĞƐ͘ŝĂďĞƚĞƐϮϬϬϰ͖ϱϯ͗ϮϴϴϯͲϮϴϵϮ
ϰ͘h<WƌŽƐƉĞĐƚŝǀĞŝĂďĞƚĞƐ^ƚƵĚǇ'ƌŽƵƉ͗/ŶƚĞŶƐŝǀĞďůŽŽĚͲŐůƵĐŽƐĞĐŽŶƚƌŽůǁŝƚŚƐƵůƉŚŽŶǇůƵƌĞĂƐŽƌ
ŝŶƐƵůŝŶĐŽŵƉĂƌĞĚǁŝƚŚĐŽŶǀĞŶƚŝŽŶĂůƚƌĞĂƚŵĞŶƚĂŶĚƌŝƐŬŽĨĐŽŵƉůŝĐĂƚŝŽŶƐŝŶƉĂƚŝĞŶƚƐǁŝƚŚƚǇƉĞϮ
ĚŝĂďĞƚĞƐ;h<W^ϯϯͿ͘>ĂŶĐĞƚϭϵϵϴ͖ϯϱϮ͗ϴϯϳͲϴϱϯ
ϱ͘ĐĐŽƌĚ^ƚƵĚǇ'ƌŽƵƉ͕ĐĐŽƌĚǇĞ^ƚƵĚǇ'ƌŽƵƉ͕ŚĞǁz͕ŵďƌŽƐŝƵƐtd͕ĂǀŝƐD͕ĂŶŝƐZW͕
'ĂŶŐĂƉƵƚƌĂ^͕'ƌĞǀĞŶD͕,ƵďďĂƌĚ>͕ƐƐĞƌ͕>ŽǀĂƚŽ:&͕WĞƌĚƵĞ>,͕'ŽĨĨ͕:ƌ͕͘ƵƐŚŵĂŶt͕
'ŝŶƐďĞƌŐ,E͕ůĂŵD͕'ĞŶƵƚŚ^͕'ĞƌƐƚĞŝŶ,͕^ĐŚƵďĂƌƚh͕&ŝŶĞ>:͗ĨĨĞĐƚƐŽĨŵĞĚŝĐĂůƚŚĞƌĂƉŝĞƐŽŶ
ƌĞƚŝŶŽƉĂƚŚǇƉƌŽŐƌĞƐƐŝŽŶŝŶƚǇƉĞϮĚŝĂďĞƚĞƐ͘EŶŐů:DĞĚϮϬϭϬ͖ϯϲϯ͗ϮϯϯͲϮϰϰ
ϲ͘>ŝŵ>^͕tŽŶŐdz͗>ŝƉŝĚƐĂŶĚĚŝĂďĞƚŝĐƌĞƚŝŶŽƉĂƚŚǇ͘ǆƉĞƌƚŽƉŝŶŝŽŶŽŶďŝŽůŽŐŝĐĂůƚŚĞƌĂƉǇϮϬϭϮ͖ϭϮ͗ϵϯͲ
ϭϬϱ
ϳ͘DŽŚĂŵĞĚY͕'ŝůůĞƐD͕tŽŶŐdz͗DĂŶĂŐĞŵĞŶƚŽĨĚŝĂďĞƚŝĐƌĞƚŝŶŽƉĂƚŚǇ͗ƐǇƐƚĞŵĂƚŝĐƌĞǀŝĞǁ͘
:DϮϬϬϳ͖Ϯϵϴ͗ϵϬϮͲϵϭϲ
ϴ͘<ĞĞĐŚ͕DŝƚĐŚĞůůW͕^ƵŵŵĂŶĞŶW͕KΖĂǇ:͕ĂǀŝƐdD͕DŽĨĨŝƚƚD^͕dĂƐŬŝŶĞŶDZ͕^ŝŵĞƐZ:͕dƐĞ
͕tŝůůŝĂŵƐŽŶ͕DĞƌƌŝĨŝĞůĚ͕>ĂĂƚŝŬĂŝŶĞŶ>d͕ĚΖŵĚĞŶD͕ƌŝŵĞƚ͕KΖŽŶŶĞůůZ>͕ŽůŵĂŶW'͗
ĨĨĞĐƚŽĨĨĞŶŽĨŝďƌĂƚĞŽŶƚŚĞŶĞĞĚĨŽƌůĂƐĞƌƚƌĞĂƚŵĞŶƚĨŽƌĚŝĂďĞƚŝĐƌĞƚŝŶŽƉĂƚŚǇ;&/>ƐƚƵĚǇͿ͗Ă
ƌĂŶĚŽŵŝƐĞĚĐŽŶƚƌŽůůĞĚƚƌŝĂů͘dŚĞ>ĂŶĐĞƚϮϬϬϳ͖ϯϳϬ͗ϭϲϴϳͲϭϲϵϳ
ϵ͘<ůĞŝŶZ͕<ůĞŝŶ͕DŽƐƐ^͕ƌƵŝĐŬƐŚĂŶŬƐ<:͗ZĞůĂƚŝŽŶƐŚŝƉŽĨŚǇƉĞƌŐůǇĐĞŵŝĂƚŽƚŚĞůŽŶŐͲƚĞƌŵ
ŝŶĐŝĚĞŶĐĞĂŶĚƉƌŽŐƌĞƐƐŝŽŶŽĨĚŝĂďĞƚŝĐƌĞƚŝŶŽƉĂƚŚǇ͘ƌĐŚ/ŶƚĞƌŶDĞĚϭϵϵϰ͖ϭϱϰ͗ϮϭϲϵͲϮϭϳϴ
ϭϬ͘<ůĞŝŶ͕DǇĞƌƐ͕,ŽǁĂƌĚ<W͕<ůĞŝŶZ͗^ĞƌƵŵ>ŝƉŝĚƐĂŶĚWƌŽůŝĨĞƌĂƚŝǀĞŝĂďĞƚŝĐZĞƚŝŶŽƉĂƚŚǇĂŶĚ
DĂĐƵůĂƌĚĞŵĂŝŶWĞƌƐŽŶƐtŝƚŚ>ŽŶŐͲƚĞƌŵdǇƉĞϭŝĂďĞƚĞƐDĞůůŝƚƵƐ͗dŚĞtŝƐĐŽŶƐŝŶƉŝĚĞŵŝŽůŽŐŝĐ
^ƚƵĚǇŽĨŝĂďĞƚŝĐZĞƚŝŶŽƉĂƚŚǇ͘:DKƉŚƚŚĂůŵŽůϮϬϭϱ͖ϭϯϯ͗ϱϬϯͲϱϭϬ
ϭϭ͘tŽŶŐdz͕<ůĞŝŶZ͕/ƐůĂŵ͕ŽƚĐŚD&͕&ŽůƐŽŵZ͕<ůĞŝŶ͕^ŚĂƌƌĞƚƚZ͕^ŚĞĂ^͗ŝĂďĞƚŝĐ
ƌĞƚŝŶŽƉĂƚŚǇŝŶĂŵƵůƚŝͲĞƚŚŶŝĐĐŽŚŽƌƚŝŶƚŚĞhŶŝƚĞĚ^ƚĂƚĞƐ͘ŵ:KƉŚƚŚĂůŵŽůϮϬϬϲ͖ϭϰϭ͗ϰϰϲͲϰϱϱ
ϭϮ͘tĂŶŐ^͕yƵ>͕:ŽŶĂƐ:͕zŽƵY^͕tĂŶŐzy͕zĂŶŐ,͗ǇƐůŝƉŝĚĞŵŝĂĂŶĚĞǇĞĚŝƐĞĂƐĞƐŝŶƚŚĞĂĚƵůƚ
ŚŝŶĞƐĞƉŽƉƵůĂƚŝŽŶ͗ƚŚĞĞŝũŝŶŐĞǇĞƐƚƵĚǇ͘W>Ž^KŶĞϮϬϭϮ͖ϳ͗ĞϮϲϴϳϭ
ϭϯ͘^ŵŝƚŚ'͕,ĞŵĂŶŝ'͗DĞŶĚĞůŝĂŶƌĂŶĚŽŵŝǌĂƚŝŽŶ͗ŐĞŶĞƚŝĐĂŶĐŚŽƌƐĨŽƌĐĂƵƐĂůŝŶĨĞƌĞŶĐĞŝŶ
ĞƉŝĚĞŵŝŽůŽŐŝĐĂůƐƚƵĚŝĞƐ͘,ƵŵDŽů'ĞŶĞƚϮϬϭϰ͖Ϯϯ͗ZϴϵͲϵϴ
ϭϰ͘Ƶůů:͕ŽŶŝůůĂ͕,ŽůůǇ:D͕WĞƌŬƐD͕ĂǀŝĞƐE͕,ĂǇĐŽĐŬW͕zƵK,͕ZŝĐŚĂƌĚƐ:͕ĞůĞƐZ͕ĂƐƚŽŶ͕
<ŽƚĞͲ:ĂƌĂŝ͕ŵŝŶůKůĂŵĂ͕ĞŶůůŽĐŚ^͕DƵŝƌ<͕'ŝůĞƐ''͕DĂĐ/ŶŶŝƐZ:͕tŝŬůƵŶĚ&͕'ƌŽŶďĞƌŐ,͕
,ĂŝŵĂŶ͕^ĐŚůĞƵƚŬĞƌ:͕EŽƌĚĞƐƚŐĂĂƌĚ'͕dƌĂǀŝƐZ͕EĞĂů͕WĂƐŚĂǇĂŶE͕<ŚĂǁ<d͕^ƚĂŶĨŽƌĚ:>͕ůŽƚ
t:͕dŚŝďŽĚĞĂƵ^͕DĂŝĞƌ͕<ŝďĞů^͕ǇďƵůƐŬŝ͕ĂŶŶŽŶͲůďƌŝŐŚƚ>͕ƌĞŶŶĞƌ,͕WĂƌŬ:͕<ĂŶĞǀĂZ͕ĂƚƌĂ
:͕dĞŝǆĞŝƌĂDZ͕DŝĐŚĞĂů͕WĂŶĚŚĂ,͕^ŵŝƚŚ'͕>ĞǁŝƐ^:͕DĂƌƚŝŶZD͕ĐŽŶƐŽƌƚŝƵŵW͗ůŽŽĚůŝƉŝĚƐĂŶĚ
ƉƌŽƐƚĂƚĞĐĂŶĐĞƌ͗ĂDĞŶĚĞůŝĂŶƌĂŶĚŽŵŝǌĂƚŝŽŶĂŶĂůǇƐŝƐ͘ĂŶĐĞƌDĞĚϮϬϭϲ͖
ϭϱ͘,ƵĂŶŐz͕yƵD͕yŝĞ>͕tĂŶŐd͕,ƵĂŶŐy͕>ǀy͕ŚĞŶz͕ŝŶŐ>͕>ŝŶ>͕tĂŶŐt͕ŝz͕^ƵŶz͕ŚĂŶŐz͕
EŝŶŐ'͗KďĞƐŝƚǇĂŶĚƉĞƌŝƉŚĞƌĂůĂƌƚĞƌŝĂůĚŝƐĞĂƐĞ͗DĞŶĚĞůŝĂŶZĂŶĚŽŵŝǌĂƚŝŽŶĂŶĂůǇƐŝƐ͘
ƚŚĞƌŽƐĐůĞƌŽƐŝƐϮϬϭϱ͖Ϯϰϳ͗ϮϭϴͲϮϮϰ
ϭϲ͘&ŽŽŶŐt͕^Ăǁ^D͕>ŽŽ:>͕^ŚĞŶ^͕>ŽŽŶ^͕ZŽƐŵĂŶD͕ƵŶŐd͕dĂŶd͕dĂŝ^͕tŽŶŐdz͗
ZĂƚŝŽŶĂůĞĂŶĚŵĞƚŚŽĚŽůŽŐǇĨŽƌĂƉŽƉƵůĂƚŝŽŶͲďĂƐĞĚƐƚƵĚǇŽĨĞǇĞĚŝƐĞĂƐĞƐŝŶDĂůĂǇƉĞŽƉůĞ͗dŚĞ
^ŝŶŐĂƉŽƌĞDĂůĂǇĞǇĞƐƚƵĚǇ;^ŝD^Ϳ͘KƉŚƚŚĂůŵŝĐƉŝĚĞŵŝŽůϮϬϬϳ͖ϭϰ͗ϮϱͲϯϱ
ϭϳ͘>ĂǀĂŶǇĂZ͕:ĞŐĂŶĂƚŚĂŶs^͕ŚĞŶŐz͕ZĂũƵW͕ŚĞƵŶŐE͕dĂŝ^͕tĂŶŐ::͕>ĂŵŽƵƌĞƵǆ͕DŝƚĐŚĞůůW͕
zŽƵŶŐd>͕ĂũƵĐŽŵͲhǇ,͕&ŽƐƚĞƌW:͕ƵŶŐd͕^Ăǁ^D͕tŽŶŐdz͗DĞƚŚŽĚŽůŽŐǇŽĨƚŚĞ^ŝŶŐĂƉŽƌĞ/ŶĚŝĂŶ
3DJHRI 'LDEHWHV
ϮϮ
ŚŝŶĞƐĞŽŚŽƌƚ;^/ͿĞǇĞƐƚƵĚǇ͗ƋƵĂŶƚŝĨǇŝŶŐĞƚŚŶŝĐǀĂƌŝĂƚŝŽŶƐŝŶƚŚĞĞƉŝĚĞŵŝŽůŽŐǇŽĨĞǇĞĚŝƐĞĂƐĞƐŝŶ
ƐŝĂŶƐ͘KƉŚƚŚĂůŵŝĐƉŝĚĞŵŝŽůϮϬϬϵ͖ϭϲ͗ϯϮϱͲϯϯϲ
ϭϴ͘&ƵzW͕,ĂůůŵĂŶD͕'ŽŶǌĂůĞǌs,͕<ůĞŝŶ͕<ůĞŝŶZ͕,ĂǇĞƐD'͕ŽǆE:͕Ğůů'/͕,ĂŶŝƐ>͗
/ĚĞŶƚŝĨŝĐĂƚŝŽŶŽĨŝĂďĞƚŝĐZĞƚŝŶŽƉĂƚŚǇ'ĞŶĞƐƚŚƌŽƵŐŚĂ'ĞŶŽŵĞͲtŝĚĞƐƐŽĐŝĂƚŝŽŶ^ƚƵĚǇĂŵŽŶŐ
DĞǆŝĐĂŶͲŵĞƌŝĐĂŶƐĨƌŽŵ^ƚĂƌƌŽƵŶƚǇ͕dĞǆĂƐ͘:KƉŚƚŚĂůŵŽůϮϬϭϬ͖ϮϬϭϬ
ϭϵ͘dƐĂŝ&:͕zĂŶŐ&͕ŚĞŶ͕ŚƵĂŶŐ>D͕>Ƶ,͕ŚĂŶŐd͕tĂŶŐdz͕ŚĞŶZ,͕^ŚŝƵ&͕>ŝƵzD͕
ŚĂŶŐ͕ŚĞŶW͕ŚĞŶ,͕&ĂŶŶ^͕ŚĞŶzd͕tƵ:z͗ŐĞŶŽŵĞͲǁŝĚĞĂƐƐŽĐŝĂƚŝŽŶƐƚƵĚǇŝĚĞŶƚŝĨŝĞƐ
ƐƵƐĐĞƉƚŝďŝůŝƚǇǀĂƌŝĂŶƚƐĨŽƌƚǇƉĞϮĚŝĂďĞƚĞƐŝŶ,ĂŶŚŝŶĞƐĞ͘W>Ž^'ĞŶĞƚϮϬϭϬ͖ϲ͗ĞϭϬϬϬϴϰϳ
ϮϬ͘,ƵĂŶŐz͕>ŝŶ:D͕>ŝŶ,:͕ŚĞŶ͕ŚĞŶ^z͕dƐĂŝ,͕dƐĂŝ&:͗'ĞŶŽŵĞͲǁŝĚĞĂƐƐŽĐŝĂƚŝŽŶƐƚƵĚǇŽĨ
ĚŝĂďĞƚŝĐƌĞƚŝŶŽƉĂƚŚǇŝŶĂdĂŝǁĂŶĞƐĞƉŽƉƵůĂƚŝŽŶ͘KƉŚƚŚĂůŵŽůŽŐǇϮϬϭϭ͖ϭϭϴ͗ϲϰϮͲϲϰϴ
Ϯϭ͘&ƌŝĞĚ>W͕ŽƌŚĂŶŝEK͕ŶƌŝŐŚƚW͕&ƵƌďĞƌŐ͕'ĂƌĚŝŶ:D͕<ƌŽŶŵĂůZ͕<ƵůůĞƌ>,͕DĂŶŽůŝŽd͕
DŝƚƚĞůŵĂƌŬD͕EĞǁŵĂŶ͕ĞƚĂů͗͘dŚĞĂƌĚŝŽǀĂƐĐƵůĂƌ,ĞĂůƚŚ^ƚƵĚǇ͗ĚĞƐŝŐŶĂŶĚƌĂƚŝŽŶĂůĞ͘ŶŶĂůƐŽĨ
ĞƉŝĚĞŵŝŽůŽŐǇϭϵϵϭ͖ϭ͗ϮϲϯͲϮϳϲ
ϮϮ͘WĞŶŵĂŶ͕,ŽĂĚůĞǇ^͕tŝůƐŽŶ:'͕dĂǇůŽƌ,͕ŚĞŶ:͕^ŽďƌŝŶ>͗WͲƐĞůĞĐƚŝŶWůĂƐŵĂ>ĞǀĞůƐĂŶĚ
'ĞŶĞƚŝĐsĂƌŝĂŶƚƐƐŽĐŝĂƚĞĚtŝƚŚŝĂďĞƚŝĐZĞƚŝŶŽƉĂƚŚǇŝŶĨƌŝĐĂŶŵĞƌŝĐĂŶƐ͘ŵ:KƉŚƚŚĂůŵŽů
ϮϬϭϱ͖ϭϱϵ͗ϭϭϱϮͲϭϭϲϬ͘ĞϭϭϱϮ
Ϯϯ͘dĂŶĚŽŶ͕ŚĞŶ:͕WĞŶŵĂŶ͕,ĂŶĐŽĐŬ,͕:ĂŵĞƐD͕,ƵƐĂŝŶ͕ŶĚƌĞŽůŝ͕>ŝy͕<ƵŽ:͕/ĚŽǁƵK͕
ZŝĐŚĞ͕WĂƉĂǀĂƐŝůŝĞŽƵ͕ƌĂƵŶĞƌ^͕^ŵŝƚŚ^K͕,ŽĂĚůĞǇ^͕ZŝĐŚĂƌĚƐŽŶ͕<ŝĞƐĞƌd͕sĂǌƋƵĞǌs͕Śŝ͕
&ĞƌŶĂŶĚĞǌD͕,ĂƌĚĞŶD͕ŽƚĐŚD&͕^ŝƐĐŽǀŝĐŬ͕dĂǇůŽƌ,͕tŝůƐŽŶ:'͕ZĞŝĐŚ͕tŽŶŐdz͕<ůĞŝŶZ͕
<ůĞŝŶ͕ZŽƚƚĞƌ:/͕WĂƚƚĞƌƐŽŶE͕^ŽďƌŝŶ>͗ĨƌŝĐĂŶŶĐĞƐƚƌǇŶĂůǇƐŝƐĂŶĚĚŵŝǆƚƵƌĞ'ĞŶĞƚŝĐDĂƉƉŝŶŐ
ĨŽƌWƌŽůŝĨĞƌĂƚŝǀĞŝĂďĞƚŝĐZĞƚŝŶŽƉĂƚŚǇŝŶĨƌŝĐĂŶŵĞƌŝĐĂŶƐ͘/ŶǀĞƐƚŝŐĂƚŝǀĞŽƉŚƚŚĂůŵŽůŽŐǇΘǀŝƐƵĂů
ƐĐŝĞŶĐĞϮϬϭϱ͖ϱϲ͗ϯϵϵϵͲϰϬϬϱ
Ϯϰ͘DŝƚĐŚĞůůW͕^ŵŝƚŚt͕ƚƚĞďŽ<͕tĂŶŐ::͗WƌĞǀĂůĞŶĐĞŽĨĂŐĞͲƌĞůĂƚĞĚŵĂĐƵůŽƉĂƚŚǇŝŶƵƐƚƌĂůŝĂ͘dŚĞ
ůƵĞDŽƵŶƚĂŝŶƐǇĞ^ƚƵĚǇ͘KƉŚƚŚĂůŵŽůŽŐǇϭϵϵϱ͖ϭϬϮ͗ϭϰϱϬͲϭϰϲϬ
Ϯϱ͘DŝƚĐŚĞůůW͕^ŵŝƚŚt͕tĂŶŐ::͕ƚƚĞďŽ<͗WƌĞǀĂůĞŶĐĞŽĨĚŝĂďĞƚŝĐƌĞƚŝŶŽƉĂƚŚǇŝŶĂŶŽůĚĞƌ
ĐŽŵŵƵŶŝƚǇ͘dŚĞůƵĞDŽƵŶƚĂŝŶƐǇĞ^ƚƵĚǇ͘KƉŚƚŚĂůŵŽůŽŐǇϭϵϵϴ͖ϭϬϱ͗ϰϬϲͲϰϭϭ
Ϯϲ͘ƵƌĚŽŶ<W͕&ŽŐĂƌƚǇZ͕^ŚĞŶt͕ďŚĂƌǇ^͕<ĂŝĚŽŶŝƐ'͕ƉƉƵŬƵƚƚĂŶ͕,Ğǁŝƚƚt͕^ŚĂƌŵĂ^͕
ĂŶŝĞůůD͕ƐƐĞǆZt͕ŚĂŶŐ:,͕<ůĞďĞ^͕>ĂŬĞ^Z͕WĂů͕:ĞŶŬŝŶƐ͕'ŽǀŝŶĚĂƌũĂŶ'͕^ƵŶĚĂƌĞƐĂŶW͕
>ĂŵŽƵƌĞƵǆ>͕ZĂŵĂƐĂŵǇ<͕WĞĨŬŝĂŶĂŬŝD͕,ǇŬŝŶW'͕WĞƚƌŽǀƐŬǇE͕ƌŽǁŶD͕'ŝůůŝĞƐD͕ƌĂŝŐ:͗
'ĞŶŽŵĞͲǁŝĚĞĂƐƐŽĐŝĂƚŝŽŶƐƚƵĚǇĨŽƌƐŝŐŚƚͲƚŚƌĞĂƚĞŶŝŶŐĚŝĂďĞƚŝĐƌĞƚŝŶŽƉĂƚŚǇƌĞǀĞĂůƐĂƐƐŽĐŝĂƚŝŽŶǁŝƚŚ
ŐĞŶĞƚŝĐǀĂƌŝĂƚŝŽŶŶĞĂƌƚŚĞ'ZϮŐĞŶĞ͘ŝĂďĞƚŽůŽŐŝĂϮϬϭϱ͖ϱϴ͗ϮϮϴϴͲϮϮϵϳ
Ϯϳ͘<ƵŽ:͕'ƵŽy͕<ůĞŝŶZ͕<ůĞŝŶ͕Ƶŝ:͕ZŽƚƚĞƌ:/͕/ƉƉ͕ŚĞŶz͗^ǇƐƚĞŵŝĐƐŽůƵďůĞƚƵŵŽƌŶĞĐƌŽƐŝƐ
ĨĂĐƚŽƌƌĞĐĞƉƚŽƌƐϭĂŶĚϮĂƌĞĂƐƐŽĐŝĂƚĞĚǁŝƚŚƐĞǀĞƌŝƚǇŽĨĚŝĂďĞƚŝĐƌĞƚŝŶŽƉĂƚŚǇŝŶ,ŝƐƉĂŶŝĐƐ͘
KƉŚƚŚĂůŵŽůŽŐǇϮϬϭϮ͖ϭϭϵ͗ϭϬϰϭͲϭϬϰϲ
Ϯϴ͘^ŚĞƵt,͕<ƵŽ:͕>ĞĞ/d͕,ƵŶŐz:͕>ĞĞt:͕dƐĂŝ,z͕tĂŶŐ:^͕'ŽŽĚĂƌǌŝDK͕<ůĞŝŶZ͕<ůĞŝŶ͕/ƉƉ͕
>ŝŶ^z͕'ƵŽy͕,ƐŝĞŚ,͕dĂǇůŽƌ<͕&ƵW͕ZŽƚƚĞƌ:/͕ŚĞŶz͗'ĞŶŽŵĞͲǁŝĚĞĂƐƐŽĐŝĂƚŝŽŶƐƚƵĚǇŝŶĂ
ŚŝŶĞƐĞƉŽƉƵůĂƚŝŽŶǁŝƚŚĚŝĂďĞƚŝĐƌĞƚŝŶŽƉĂƚŚǇ͘,ƵŵDŽů'ĞŶĞƚϮϬϭϯ͖ϮϮ͗ϯϭϲϱͲϯϭϳϯ
Ϯϵ͘ŝůĚ͕ůƵĞŵŬĞ͕ƵƌŬĞ'>͕ĞƚƌĂŶŽZ͕ŝĞǌZŽƵǆs͕&ŽůƐŽŵZ͕'ƌĞĞŶůĂŶĚW͕:ĂĐŽďZ͕:ƌ͕͘
<ƌŽŶŵĂůZ͕>ŝƵ<͕EĞůƐŽŶ:͕KΖ>ĞĂƌǇ͕^ĂĂĚD&͕^ŚĞĂ^͕^ǌŬůŽD͕dƌĂĐǇZW͗DƵůƚŝͲƚŚŶŝĐ^ƚƵĚǇŽĨ
ƚŚĞƌŽƐĐůĞƌŽƐŝƐ͗ŽďũĞĐƚŝǀĞƐĂŶĚĚĞƐŝŐŶ͘ŵĞƌŝĐĂŶũŽƵƌŶĂůŽĨĞƉŝĚĞŵŝŽůŽŐǇϮϬϬϮ͖ϭϱϲ͗ϴϳϭͲϴϴϭ
ϯϬ͘,ĂƌƌŝƐd͕>ĂƵŶĞƌ>:͕ŝƌŝŬƐĚŽƚƚŝƌ'͕<ũĂƌƚĂŶƐƐŽŶK͕:ŽŶƐƐŽŶWs͕^ŝŐƵƌĚƐƐŽŶ'͕dŚŽƌŐĞŝƌƐƐŽŶ'͕
ƐƉĞůƵŶĚd͕'ĂƌĐŝĂD͕ŽƚĐŚD&͕,ŽĨĨŵĂŶ,:͕'ƵĚŶĂƐŽŶs͗ŐĞ͕'ĞŶĞͬŶǀŝƌŽŶŵĞŶƚ^ƵƐĐĞƉƚŝďŝůŝƚǇͲ
ZĞǇŬũĂǀŝŬ^ƚƵĚǇ͗ŵƵůƚŝĚŝƐĐŝƉůŝŶĂƌǇĂƉƉůŝĞĚƉŚĞŶŽŵŝĐƐ͘ŵĞƌŝĐĂŶũŽƵƌŶĂůŽĨĞƉŝĚĞŵŝŽůŽŐǇ
ϮϬϬϳ͖ϭϲϱ͗ϭϬϳϲͲϭϬϴϳ
ϯϭ͘'ƵŶŶůĂƵŐƐĚŽƚƚŝƌ͕,ĂůůĚŽƌƐĚŽƚƚŝƌ^͕<ůĞŝŶZ͕ŝƌŝŬƐĚŽƚƚŝƌ'͕<ůĞŝŶ͕ĞŶĞĚŝŬƚƐƐŽŶZ͕,ĂƌƌŝƐd͕
>ĂƵŶĞƌ>:͕ƐƉĞůƵŶĚd͕'ƵĚŶĂƐŽŶs͕ŽƚĐŚD&͕:ŽŶĂƐƐŽŶ&͗ZĞƚŝŶŽƉĂƚŚǇŝŶŽůĚƉĞƌƐŽŶƐǁŝƚŚĂŶĚ
ǁŝƚŚŽƵƚĚŝĂďĞƚĞƐŵĞůůŝƚƵƐ͗ƚŚĞŐĞ͕'ĞŶĞͬŶǀŝƌŽŶŵĞŶƚ^ƵƐĐĞƉƚŝďŝůŝƚǇͲͲZĞǇŬũĂǀŝŬ^ƚƵĚǇ;'^ͲZͿ͘
ŝĂďĞƚŽůŽŐŝĂϮϬϭϮ͖ϱϱ͗ϲϳϭͲϲϴϬ
ϯϮ͘tŝůůĞƌ:͕^ĐŚŵŝĚƚD͕^ĞŶŐƵƉƚĂ^͕WĞůŽƐŽ'D͕'ƵƐƚĂĨƐƐŽŶ^͕<ĂŶŽŶŝ^͕'ĂŶŶĂ͕ŚĞŶ:͕
ƵĐŚŬŽǀŝĐŚD>͕DŽƌĂ^͕ĞĐŬŵĂŶŶ:^͕ƌĂŐŐͲ'ƌĞƐŚĂŵ:>͕ŚĂŶŐ,z͕ĞŵŝƌŬĂŶ͕,ĞƌƚŽŐ,D͕ŽZ͕
ŽŶŶĞůůǇ>͕ŚƌĞƚ'͕ƐŬŽd͕&ĞŝƚŽƐĂD&͕&ĞƌƌĞŝƌĂd͕&ŝƐĐŚĞƌ<͕&ŽŶƚĂŶŝůůĂƐW͕&ƌĂƐĞƌZD͕&ƌĞŝƚĂŐD&͕
3DJHRI'LDEHWHV
Ϯϯ
'ƵƌĚĂƐĂŶŝ͕,ĞŝŬŬŝůĂ<͕,ǇƉƉŽŶĞŶ͕/ƐĂĂĐƐ͕:ĂĐŬƐŽŶh͕:ŽŚĂŶƐƐŽŶ͕:ŽŚŶƐŽŶd͕<ĂĂŬŝŶĞŶD͕
<ĞƚƚƵŶĞŶ:͕<ůĞďĞƌD͕>ŝy͕>ƵĂŶ:͕>ǇǇƚŝŬĂŝŶĞŶ>W͕DĂŐŶƵƐƐŽŶW<͕DĂŶŐŝŶŽD͕DŝŚĂŝůŽǀ͕DŽŶƚĂƐƐĞƌ
D͕DƵůůĞƌͲEƵƌĂƐǇŝĚD͕EŽůƚĞ/D͕KΖŽŶŶĞůů:͕WĂůŵĞƌ͕WĞƌŽůĂD͕WĞƚĞƌƐĞŶ<͕^ĂŶŶĂ^͕^ĂǆĞŶĂZ͕
^ĞƌǀŝĐĞ^<͕^ŚĂŚ^͕^ŚƵŶŐŝŶ͕^ŝĚŽƌĞ͕^ŽŶŐ͕^ƚƌĂǁďƌŝĚŐĞZ:͕^ƵƌĂŬŬĂ/͕dĂŶĂŬĂd͕dĞƐůŽǀŝĐŚdD͕
dŚŽƌůĞŝĨƐƐŽŶ'͕sĂŶĚĞŶ,ĞƌŝŬ'͕sŽŝŐŚƚ&͕sŽůĐŝŬ<͕tĂŝƚĞ>>͕tŽŶŐ͕tƵz͕ŚĂŶŐt͕ďƐŚĞƌ͕
ƐŝŬŝ'͕ĂƌƌŽƐŽ/͕ĞĞŶ>&͕ŽůƚŽŶ:>͕ŽŶŶǇĐĂƐƚůĞ>>͕ƌĂŵďŝůůĂW͕ƵƌŶĞƚƚD^͕ĞƐĂŶĂ'͕ŝŵŝƚƌŝŽƵ
D͕ŽŶĞǇ͕ŽƌŝŶŐ͕ůůŝŽƚƚW͕ƉƐƚĞŝŶ^͕ǇũŽůĨƐƐŽŶ'/͕'ŝŐĂŶƚĞ͕'ŽŽĚĂƌǌŝDK͕'ƌĂůůĞƌƚ,͕'ƌĂǀŝƚŽ
D>͕'ƌŽǀĞƐ:͕,ĂůůŵĂŶƐ'͕,ĂƌƚŝŬĂŝŶĞŶ>͕,ĂǇǁĂƌĚ͕,ĞƌŶĂŶĚĞǌ͕,ŝĐŬƐ͕,Žůŵ,͕,ƵŶŐz:͕/ůůŝŐ
d͕:ŽŶĞƐDZ͕<ĂůĞĞďƵW͕<ĂƌƐƚĞůĞŝŶ::W͕<ŚĂǁ<d͕<ŝŵ͕<ůŽƉƉE͕<ŽŵƵůĂŝŶĞŶW͕<ƵŵĂƌŝD͕
>ĂŶŐĞŶďĞƌŐ͕>ĞŚƚŝŵĂŬŝd͕>ŝŶ^z͕>ŝŶĚƐƚƌŽŵ:͕>ŽŽƐZ:͕DĂĐŚ&͕DĐƌĚůĞt>͕DĞŝƐŝŶŐĞƌ͕DŝƚĐŚĞůů
͕DƵůůĞƌ'͕EĂŐĂƌĂũĂZ͕EĂƌŝƐƵE͕EŝĞŵŝŶĞŶdsD͕EƐƵďƵŐĂZE͕KůĂĨƐƐŽŶ/͕KŶŐ<<͕WĂůŽƚŝĞ͕
WĂƉĂŵĂƌŬŽƵd͕WŽŵŝůůĂ͕WŽƵƚĂ͕ZĂĚĞƌ:͕ZĞŝůůǇDW͕ZŝĚŬĞƌWD͕ZŝǀĂĚĞŶĞŝƌĂ&͕ZƵĚĂŶ/͕ZƵŽŬŽŶĞŶ
͕^ĂŵĂŶŝE:͕^ĐŚĂƌŶĂŐů,͕^ĞĞůĞǇ:͕^ŝůĂŶĚĞƌ<͕^ƚĂŶĐĂŬŽǀĂ͕^ƚŝƌƌƵƉƐ<͕^ǁŝĨƚ͕dŝƌĞƚ>͕hŝƚƚĞƌůŝŶĚĞŶ
͕sĂŶWĞůƚ>:͕sĞĚĂŶƚĂŵ^͕tĂŝŶǁƌŝŐŚƚE͕tŝũŵĞŶŐĂ͕tŝůĚ^,͕tŝůůĞŵƐĞŶ'͕tŝůƐŐĂĂƌĚd͕tŝůƐŽŶ
:&͕zŽƵŶŐ,͕ŚĂŽ:,͕ĚĂŝƌ>^͕ƌǀĞŝůĞƌ͕ƐƐŝŵĞƐd>͕ĂŶĚŝŶĞůůŝ^͕ĞŶŶĞƚƚ&͕ŽĐŚƵĚD͕ŽĞŚŵ
K͕ŽŽŵƐŵĂ/͕ŽƌĞĐŬŝ/͕ŽƌŶƐƚĞŝŶ^Z͕ŽǀĞƚW͕ƵƌŶŝĞƌD͕ĂŵƉďĞůů,͕ŚĂŬƌĂǀĂƌƚŝ͕ŚĂŵďĞƌƐ
:͕ŚĞŶz͕ŽůůŝŶƐ&^͕ŽŽƉĞƌZ^͕ĂŶĞƐŚ:͕ĞĚŽƵƐƐŝƐ'͕Ğ&ĂŝƌĞh͕&ĞƌĂŶŝů͕&ĞƌƌŝĞƌĞƐ:͕&ĞƌƌƵĐĐŝ
>͕&ƌĞŝŵĞƌE͕'ŝĞŐĞƌ͕'ƌŽŽƉ>͕'ƵĚŶĂƐŽŶs͕'ǇůůĞŶƐƚĞŶh͕,ĂŵƐƚĞŶ͕,ĂƌƌŝƐd͕,ŝŶŐŽƌĂŶŝ͕
,ŝƌƐĐŚŚŽƌŶ:E͕,ŽĨŵĂŶ͕,ŽǀŝŶŐŚ'<͕,ƐŝƵŶŐ͕,ƵŵƉŚƌŝĞƐ^͕,ƵŶƚ^͕,ǀĞĞŵ<͕/ƌŝďĂƌƌĞŶ͕
:ĂƌǀĞůŝŶDZ͕:ƵůĂ͕<ĂŚŽŶĞŶD͕<ŽƵĚƐƚĂĂů:͕<ƌĂƵƐƐZD͕<ƵŚ͕<ƵƵƐŝƐƚŽ:͕<ǇǀŝŬ<K͕>ĂĂŬƐŽD͕>ĂŬŬĂ
d͕>ŝŶĚ>͕>ŝŶĚŐƌĞŶD͕DĂƌƚŝŶE'͕DĂƌǌt͕DĐĂƌƚŚǇD͕DĐ<ĞŶǌŝĞ͕DĞŶĞƚŽŶW͕DĞƚƐƉĂůƵ͕
DŽŝůĂŶĞŶ>͕DŽƌƌŝƐ͕DƵŶƌŽĞW͕EũŽůƐƚĂĚ/͕WĞĚĞƌƐĞŶE>͕WŽǁĞƌ͕WƌĂŵƐƚĂůůĞƌWW͕WƌŝĐĞ:&͕WƐĂƚǇ
D͕YƵĞƌƚĞƌŵŽƵƐd͕ZĂƵƌĂŵĂĂZ͕^ĂůĞŚĞĞŶ͕^ĂůŽŵĂĂs͕^ĂŶŐŚĞƌĂ<͕^ĂƌĂŵŝĞƐ:͕^ĐŚǁĂƌǌW͕^ŚĞƵ
t,͕^ŚƵůĚŝŶĞƌZ͕^ŝĞŐďĂŚŶ͕^ƉĞĐƚŽƌd͕^ƚĞĨĨĂŶƐƐŽŶ<͕^ƚƌĂĐŚĂŶW͕dĂǇŽK͕dƌĞŵŽůŝ͕
dƵŽŵŝůĞŚƚŽ:͕hƵƐŝƚƵƉĂD͕sĂŶƵŝũŶ͕sŽůůĞŶǁĞŝĚĞƌW͕tĂůůĞŶƚŝŶ>͕tĂƌĞŚĂŵE:͕tŚŝƚĨŝĞůĚ:͕
tŽůĨĨĞŶďƵƚƚĞů,͕KƌĚŽǀĂƐ:D͕ŽĞƌǁŝŶŬůĞ͕WĂůŵĞƌE͕dŚŽƌƐƚĞŝŶƐĚŽƚƚŝƌh͕ŚĂƐŵĂŶ/͕ZŽƚƚĞƌ:/͕
&ƌĂŶŬƐWt͕ZŝƉĂƚƚŝ^͕ƵƉƉůĞƐ>͕^ĂŶĚŚƵD͕ZŝĐŚ^^͕ŽĞŚŶŬĞD͕ĞůŽƵŬĂƐW͕<ĂƚŚŝƌĞƐĂŶ^͕DŽŚůŬĞ
<>͕/ŶŐĞůƐƐŽŶ͕ďĞĐĂƐŝƐ'Z͕ŽŶƐŽƌƚŝƵŵd'>'͗ŝƐĐŽǀĞƌǇĂŶĚZĞĨŝŶĞŵĞŶƚŽĨ>ŽĐŝƐƐŽĐŝĂƚĞĚǁŝƚŚ
>ŝƉŝĚ>ĞǀĞůƐ͘EĂƚ'ĞŶĞƚϮϬϭϯ͖ϰϱ͗ϭϮϳϰͲϭϮϴϯ
ϯϯ͘EĞůƐŽŶW͕,ĂŵďǇ^͕^ĂůĞŚĞĞŶ͕,ŽƉĞǁĞůů:͕ĞŶŐ>͕ƐƐŝŵĞƐd>͕<ĂŶŽŶŝ^͕tŝůůĞŶďŽƌŐ͕
ƵƌŐĞƐƐ^͕ŵŽƵǇĞůW͕ŶĂŶĚ^͕ůĂŶŬĞŶďĞƌŐ^͕ŽĞŚŵK͕ůĂƌŬĞZ:͕ŽůůŝŶƐZ͕ĞĚŽƵƐƐŝƐ'͕&ĂƌƌĂůů
D͕&ƌĂŶŬƐWt͕'ƌŽŽƉ>͕,Ăůů^͕,ĂŵƐƚĞŶ͕,ĞŶŐƐƚĞŶďĞƌŐ͕,ŽǀŝŶŐŚ'<͕/ŶŐĞůƐƐŽŶ͕<ĂƚŚŝƌĞƐĂŶ^͕
<ĞĞ&͕<ŽŶŝŐ/Z͕<ŽŽŶĞƌ:͕>ĞŚƚŝŵĂŬŝd͕DĂƌǌt͕DĐWŚĞƌƐŽŶZ͕DĞƚƐƉĂůƵ͕EŝĞŵŝŶĞŶD^͕KΖŽŶŶĞůů
:͕WĂůŵĞƌE͕WĞƚĞƌƐ͕WĞƌŽůĂD͕ZĞŝůůǇDW͕ZŝƉĂƚƚŝ^͕ZŽďĞƌƚƐZ͕^ĂůŽŵĂĂs͕^ŚĂŚ^,͕^ĐŚƌĞŝďĞƌ^͕
^ŝĞŐďĂŚŶ͕dŚŽƌƐƚĞŝŶƐĚŽƚƚŝƌh͕sĞƌŽŶĞƐŝ'͕tĂƌĞŚĂŵE͕tŝůůĞƌ:͕ĂůůŽƵĂW͕ƌĚŵĂŶŶ:͕ĞůŽƵŬĂƐ
W͕tĂƚŬŝŶƐ,͕^ĐŚƵŶŬĞƌƚ,͕ĂŶĞƐŚ:͕dŚŽŵƉƐŽŶ:Z͕^ĂŵĂŶŝE:͗'ĞŶĞƚŝĐĂůůǇĚĞƚĞƌŵŝŶĞĚŚĞŝŐŚƚĂŶĚ
ĐŽƌŽŶĂƌǇĂƌƚĞƌǇĚŝƐĞĂƐĞ͘EŶŐů:DĞĚϮϬϭϱ͖ϯϳϮ͗ϭϲϬϴͲϭϲϭϴ
ϯϰ͘ZĂŬŚƐŚĂŶĚĞŚƌŽŽD͕<ŶŽĐŚ͕DƵůůĞƌD͕<ĞƌƐƚĞŶ^͗WĞƌŽǆŝƐŽŵĞƉƌŽůŝĨĞƌĂƚŽƌͲĂĐƚŝǀĂƚĞĚƌĞĐĞƉƚŽƌ
ĂůƉŚĂƚĂƌŐĞƚŐĞŶĞƐ͘WWZZĞƐϮϬϭϬ͖ϮϬϭϬ
ϯϱ͘ƌŝŽŶD:͕^ŚĂŬŚďĂǌŽǀ<͕sŝƐƐĐŚĞƌWD͗ĂůĐƵůĂƚŝŶŐƐƚĂƚŝƐƚŝĐĂůƉŽǁĞƌŝŶDĞŶĚĞůŝĂŶƌĂŶĚŽŵŝǌĂƚŝŽŶ
ƐƚƵĚŝĞƐ͘/Ŷƚ:ƉŝĚĞŵŝŽůϮϬϭϯ͖ϰϮ͗ϭϰϵϳͲϭϱϬϭ
ϯϲ͘ŚĂŶŐz͕tƵt͗ǇƐůŝƉŝĚĞŵŝĂĂŶĚĚŝĂďĞƚŝĐƌĞƚŝŶŽƉĂƚŚǇ͘ZĞǀŝĂďĞƚ^ƚƵĚϮϬϭϯ͖ϭϬ͗ϭϮϭͲϭϯϮ
ϯϳ͘<ŽŚŶĞƌD͕ůĚŝŶŐƚŽŶ^:͕^ƚƌĂƚƚŽŶ/D͕DĂŶůĞǇ^͕,ŽůŵĂŶZZ͕DĂƚƚŚĞǁƐZ͕dƵƌŶĞƌZ͗hŶŝƚĞĚ
<ŝŶŐĚŽŵWƌŽƐƉĞĐƚŝǀĞŝĂďĞƚĞƐ^ƚƵĚǇ͕ϯϬ͗ĚŝĂďĞƚŝĐƌĞƚŝŶŽƉĂƚŚǇĂƚĚŝĂŐŶŽƐŝƐŽĨŶŽŶͲŝŶƐƵůŝŶͲĚĞƉĞŶĚĞŶƚ
ĚŝĂďĞƚĞƐŵĞůůŝƚƵƐĂŶĚĂƐƐŽĐŝĂƚĞĚƌŝƐŬĨĂĐƚŽƌƐ͘ƌĐŚŝǀĞƐŽĨŽƉŚƚŚĂůŵŽůŽŐǇ;ŚŝĐĂŐŽ͕/ůů͗ϭϵϲϬͿ
ϭϵϵϴ͖ϭϭϲ͗ϮϵϳͲϯϬϯ
ϯϴ͘WŽƉĞƐĐƵd͕DŽƚĂD͗ǇƐůŝƉŝĚĞŵŝĂĂŶĚŚǇƉĞƌƚĞŶƐŝŽŶŝŶƉĂƚŝĞŶƚƐǁŝƚŚƚǇƉĞϮĚŝĂďĞƚĞƐĂŶĚ
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